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GENERAL PREFACE 


The rapid development of Applied Chemistry in recent years 
has brought about a revolution in all branches of technology. 
This growth has been accelerated during the war, «nd the 
British Empire has now an opportunity of increasing its 
industrial output by the application of this knowledge to the* 
raw materials available in the different parts of the worfti. 
The subject in tliis series of handbooks will be treated from 
the chemical rather than the engineering standpoint. The 
industrial aspect will also be more prominent than that of 
the laboratory. Each volume will be complete in itself, and 
WDl give a general survey of the industry, showing how 
►chemical principles have been applied and have affected 
manufacture. The influence of new inventions on the 
development of the industry will be shown, as also the 
effect of industrial requirements in stimulating invention. 
Historical notes will be a feature in dealing with the 
different branches of the subject, but they will be kept 
within moderate limits. Present tendencies and possible 
future developments will have attention, and some space 
will be devoted to a comparison of industrial methods and 
progress in the chief producing coimtries. There will be a 
gentral bibliography, and also a select bibliography t^ follow 
each section. Statistical information will only be introduced 
in so far as it serves to illustrate the line of argument. 

Each book will be divided into sections instead of 
chapters, and the sections will deal with separate branches 
ol the subject in the manner of a special article or mono- 
graph. An attempt will, in fact, be made to net away from 
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the orthodox textbook manner, not only to make the treat- 
ment ori^’nal, but also to appeal to the very large class of 
readers already possessing good textbooks, of which there 
are quite sufficient. The books should also be foxmd useful 
by men of affairs having no special technical knowledge, but 
who may require from time to time to refer to^ technical 
matters in a book of moderate compass, with references t^ 
the large standard works for fuller details on special points 
if required. 

To the advanced student the books should be especially 
valuable. His mind is often crammed with the hard facts 
and details of his subject which crowd out the power of 
realizing the industry as a whole. These books are intended 
to reifiedy such a state of affairs. While recapitulating the 
^essential basic facts, they will aim at presenting the reality 
of the living industry. It has long been a drawback of our 
technical education that the college graduate, on commencing 
his industrial career, is positively handicapped by his 
academic knowledge because of his lack of information on 
current industrial conditions. A book giving a compre- 
hensive survey of the industry can* be of very material 
assistance to the student as an adjunct to his ordinary text- * 
books, and this is one of the chief objects of the present 
series. Those actually engaged in the industry who have 
specialized in rather narrow limits will probably find these 
books more readable than the larger textbooks when they 
wish to refresh their memories in regard to branches of the 
subject with which they are not immediately concerned. 

The volume will also serve as a guide to the standard 
literature of the subject, and prove of value to the con- 
sultant, so that, having obtained a comprehensive view of 
the whole industr>^ he can go at once to the priper 
authorities for more elaborate information on special points, 
and thus save a couple of days spent in hunting through the 
libraries of scientific societies. 

As far as this country is concerned, it is believed that 
the general scheme oi this series of handbooks is unique, 
and it is confi<l^ntly hoped that it will Supply * 
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luunitions for the coming industrial war. I have been 
fortunate in securing writers for the different volumes who 
are specially connected with the several departments of 
Industrial Chemistry, and trust that the whole series will 
contribute to the further development of applied chemistry 
throughcjit the Empire. 


SA^rUEL RIDEAE. 




PREFACE 


The section of the British Chemical Industry concerned 
with the manufacture of Synthetic Medicinal Chemicals 
calls for most earnest attention. It is unnecessary here 
to discuss its importance, which becomes ever greatel with 
the advance of our knowledge. • 

Creditable as was the accomplishment of British chemists 
during the war in supplying within a shoit space of time 
most of the important synthetic medicinal chemicals, these 
manufactures were not in every case established on an 
economic basis. In order to do this, it is of outstanding 
ftnportance to perfect4)rocesses so that the most economical 
•methods are used and the best possible yields obtained ; 
and such perfection can only be attained by zealous work 
on the part of men with knowledge. 

It is hoped that the material here collected will prove 
of value to chemists engaged in this work, as well as to 
those responsible for the education of the men whose task 
in the era which is dawning will be the application of 
chemical science to industry. 

No attempt has been made to deal with all the known 
synthetic remedies, very many of which are non-essential, 
and* of yet others too little is known to permit* a true 
judgment of their value. Similarly, reference has been 
omitted to very numerous processes which do not seem 
capable of practical application. “Blocking" patents, 
w^n referred to, are not described in detail. 

The authors recognise the incompleteness of some of 
*the descriptiofis given. To this short(;pming limitations 

ix 
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of space have contributed, but chiefly it is due to thS 
insufiicieiiy of published accounts. 

The various chemicals dealt with are for the most part 
.grouped in sections according to their therapeutic uses. 
Such an arrangement is considered by the authors to be 
the most convenient, though this classification is juperficial 
and rests on little or no scientific foundation. 

The authors wish most gratefully to acknowledge assist- 
ance given by H.M. Explosives Department of the Ministry 
of Munitions for an account of the manufacture of ether j 
to the Royal Society’s Committee for various processes 
worked out in the Universities ; and to the following engi- 
neering firms who have supplied photographs and drawings 
of pla\it: Messrs. E. Barbet et Cie., W. J. Fraser & Co., 
Manlove Alliot & Co., and The Standard Chemical Engi- 
neering Co. Acknowledgments are also due to UUmann’s 
Enzyklopaedie, ' from wliich the authors have received 
assistancCi and to the authors of very many other standard 
works, notably to Prof. Cushny and Dr. Cain. 

M. B. 

F. H. C. 

Novtmhfr^ 1920. 
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ORGANIC MEDICINAL 
CHEMICALS 

INTRODUCTION 

to the thirteenth century Roger Bacon wrote in his treatise, 
Of the Secret Works of Art and Nature,” that " a'person 
who IS perfectly acquainted with the manner which 
Nature observes in her operations will be able not only t» 
rival but to surjiass her. ” In another place in his w ritingg we 
Tead . By a dexterous application of the knowledge of 
the properties of bodies and the methods of Nature many 
things may be produced more surprising than all the pre- 
tended magic has ever effected. ” It was some six centuries 
after Roger Bacon ha<f written this that Wohler first built 
urea in the laboratory and so prepared artifidally a sub- 
stance identical with that produced in nature. During the 
^tury which has elapsed since that hchievement eln.tni.ri'if 
have not only succeeded in rivalling the medicinal agente 
produced by nature, but have been able vastly to improve 
upm tlmm. As a result the ordinary practice of 
to-day is to a large extent dependent upon the products of 
^thetic chemistry. Roger Bacon's remarkable prophecy 
^t discovery would come from a study of the methods of 
Nature has been strangely verified in this field of research. 
The discovery of many substancra of use in 
for instance, antipyrine, encaine, homatrcpine, epinine, *imd 
aqjirin, was the direct result of atten^ts, based on a Hn - 
of the chemical constitution of natural substances, to 
inqnove iqiaa them or to cheapen them. It is true, netor^ 
toeiesB, th« ch^ue discovery has revealed valuable ptonto.; 

logical properties of many of the synthetic cftnpoHads vroS" 
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are now great importance in medicine ; for instance, the 
purgative action of phenolphthalein was accidentally dis- 
covered from its employment in “ear-marking" wines, 
and the antipyretic ])roperties of acetanilide were revealed 
hrough the action of a laboratory boy in mistaking it for 
naphthalene— a discovery which led to that of .other and 
better antipyretics. Chance discovery may in the future dis- 
close valuable ijlu'siological properties possessed by some of 
the many thousands of organic compounds which have beeq^ 
prepared during the past fifty years. But ju.st as the 
discovery of these numerous substances has resulted from 
eaniest attempts to extend and perfect our theoretical 
concd[)tions of chemical constitution and change, so also will 
most of the future discoveries in medicinal chemistry result 
kom a study of body metabolism and pathological change 
in health and disease. Our jierfect pharmacopceia can only 
evolve as we make progress in knowledge of the correlation 
between chemied constitution, physical properties, and 
physiological action. The theoretical concejits of the 
nature of physiological ])rocesses are as yet in the making, 
but ill the past two decades such progress has been made as 
to give confident expectation for the future. 

There is a very long road for both chemists and ph)’sio- 
logists to traverse before they can set up reasonable working 
hypothesc'S. It may be necessar}’ first that chemists and 
mathematicians should succeed in deducing from chemical 
constitution the exact physical properties of a substance. 
Certainly, if that consummation were reached the pharma- 
col<^ist would be in a better position to unravel the mysteries 
of physiological action. For the present it may be said of 
our knowledge that it show's enough remarkable cajes of 
‘rclatioaship between chemical constitution and physiological 
action to encourage and assist the cliemist in his search for 
new and useful drugs, and to suggest the importance of his 
working in close association with the pharmacolc^t. 

A practically useful result from an attempt to improve 
on the naturally occurring cocaine is the s\mthesfe of alph%- 
and beta-eucahie, both of which possess valuable local, 
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anaesthetic action similar to that possessed by, cocaine. 
Cocaine has been shown to possess the following constitu- 
tion : 

CHjj—CH CHCO( )CH3 

i I I 

I NCH3 CHOCOCeHg 

i I I 

CH. 

^'he preparation of substances with like grouping led to the 
})roductioii of alplia-eucaine. but this was found unfortunately 
to exercise greater irritating effect on the tissues. Further 
research revealed the substance known as beta-eucaiug, which 
is less irritant than alpha-eucaine and less toxic than cocaine 
itstif, and consequently })referable to the latter. The sinii- 
larit}' between the constitution of alpha- and beta-eucaincl^ 
and that of cocaine is clearly shown from their foniiulic : 


(CHa). CH.> 

XN-ei-Ia C u 

• 1 

(CII3), - c CIL 


«-Sucalxi<*. 


(CII3),- C CHa 

i ! 

NH CHOCOC 0 H 5 

I I 

CH 3 -CH- CHjj 

p'Uiicftiuo. 


Bcta-eucaine is now commonly employed to replace cocaine, 
to which it is in many respects preferable. 

A classic example of modem research for therapeutic 
remedies is that for means of combating diseases such as 
sleeping sickness and syphilis, which are caused by the 
pre.sence of protozoan parasites in tlie blood and tissues. 
The most successful of the remedies w'hich have been dis- 
covered as the result of this work are the organic arsenic 
compounds. 

In the course of research inorganic arsenic compounds 
were found readily to destroy such parasites in vitro, but 
only under conditions which were found to be also destructive 
to the host. Ehrlich and his colleagues, with well-known 
success, (Elected, researches with the object of discovering 
derivatives which would be destructive to {he parasite and 
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harmlesstto the host. Their work was rendered additionally 
complicated by the fact that surviving organisms which 
have been subjected to these parasiticides acquire some 
degree pf immunity in succeeding generations. 

Atoxyl, sodium-arsanilate 

O PNa 

-As^O 


was the first substance introduced for this purpose. It 
was found to be very effective for the treatment of sleeping 
sickness, but the frequent cases of bffndness which resulted 
from its use made necessary the search for other and better 
medicaments. 

Ehrlich showed that atox>d exercised much greater 
* ^fluence in vivo than in vitro, and from the known reducing 
action of the body tissues he was led to postulate the view 
that this difference is due to the fonnation within the 
organism of tri valent arsenic derivatives, by reduction of the 
pentavalent arsenic in atoxyl. This led to a search among 
trivalent organic arsenic compounds for one which is directly 
toxic to the parasites, as arseiiious afcid is, and yet possesses 
the low toxicity to the host exhibited by atoxyl. ' 

Finding that certain dyes possessed parasiticidal pro- 
perties and at the same time selectively stained the living 
protozoa, he therefore supposed that it might be possible 
to find an arsenic compound which in analog}^ with these 
dyes would attach itself to the parasites and not to the 
tissues of the host. A careful technique of testing his 
synthetic compounds both in vitro and in living rats and 
mice was set up, and a very large number of substances 
were ^us submitted to test, especially dyes and new organic 
compounds. In this manner Ehrlich was finally led to 
select salvarsan and neosalvarsan as the remedies most nearly 
a|){iroaching the ideal. 

As = As As = As 


H^nQ CW* H,nQ Q— NH— CHy-SO*Na 
OH ^ OH OH * 




VmmItmmii* 
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This choice was not made until a very large ntunber of 
substances had been tested. Some of the dyes wliich were 
thus discovered to be fatal to protozoan parasites are now 
finding practical application in medicine. In particular 
methylene blue, malachite green, trypan red, scarlet red, 
and acriflaadne are being employed. Acriflavine has proved 
to be of greater value for the destruction of bacteria than 
for that of protozoa, and has been most successfully employed 
in the treatment of gonorrhoea as well as in surgery. Thus 
is being introduced a new and important type of medication 
with dyes. 

The advance in our knowledge of the chemical consti- 
tution of active substances secreted by the body, e^eifially 
that of the so-called hormones, secreted by the ductless 
glands, indicates another and extremely important directics 
in which progress may confidently be looked for. So far 
the preparation of the pure active hormones has been accom- 
plished only in the case of two of the glands. The first to be 
discovered was adrenaline, the principle of the suprarenal 
gland. Tliis discovery has led to extended researches upon 
ether amines which haAfe a like action, and was the starting- 
jtoint of a most important chapter of bio-chemistry. 

AdrenaUne: OH<^]]])CHOH-CHjlsrHCH, ; is now 
OH 

manufactured synthetically as well as prepared from the 
suprarenal glands of oxen and sheep. Since the synthetically 
produced racemic compound is less active than its lavo 
constituent it is resolved on a manufacturing scale and the 
more active stereo-isomeride employed. 

In their researches on amines allied to adrenaline, Baiger 
and Dale have shown that physiological properties some- 
what similar to those of adrenaline are exhibited by the 
amines derived by loss of COg from certain amino adds, 
such as tyrosine and leucine, and that this type of activity 
^ degrees by a series of amines intermediaie 

struc^ between them and adredaline. The greatest 
activity is pckssessed by those having two pfienolic hydroxyl 
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groupings^ in tlie 3-4 position relative to a side chain consist- 
ing of twd carbon atoms and bearing the amino group. Also 
of importance amongst substances of this type is histamine, 
beta-iminazolyl-ethylamine, which has a very powerful 
physiological action of a different type. 


NH-CH, 




CH 


C-CHo-CHo— NH. 


This base is derived from histidine, which is an amino acid' 
by the loss of 002- Histamine has become of great interest 
in bio-chemistry and it has been recently suggested that it 
is one of the active constituents of the pituitary gland. It 
resulfs from the putrefaction of animal tissues and is also 
j^resent in extract of ergot. Since liistidine, from which it 
IS derived, is a constituent part of most body proteins, its 
production in minute quantity by biochemical change is not 
inconceivable, hike adrenaline it is now manufactured 
synthetically. 

A more recent discovery is thyroxin, the hormone of 
the thyroid gland. The value of this gland in therapeutics 
has been known since i8()i, but not till the year 1917 wa,s 
the isolation of the active principle by Kendall reported. 
Not only has the puritied crystalline substance been rendered 
available for therapeutic use, but its constitution has been 
determined. Kendall states it to be a tri-hydro-tri-iodo- 
hydro-j3-indole-propionic acid, and assigns to it the following 
formula : 


III 

III A C-CHo-CHcCOOH 
IH^ /CO 
H NH 

It is related to tryptophane, an amino acid, produced by the 
hydrolysis of proteins, which seems to play a special and 
peculiar part in nutriment, its absence from the diet having 
been found to be accompanied by loss of weight and 
ultimate death. This is significant when we bear in mind 
the remarkable effects on metabolism produced by thyroxin 



INTRODUCTION 


7 


itself. Thfe latter in small doses exercises a remarkable 
influence upon the rate of body metabolism, whfidi rate is 
of fundamental importance in all bio-chemical change. There 
seems, therefore, hardly any finality to the power over the 
body mechanism which may be acquired by the aid of 
chemistry. In this connection it is the chemist's object to 
j)lace in the hands of those who practise medicine the most 
perfect armoury for their combat with disease. What has 
.been achieved so far must be regarded as merely indicating 
the road. 



Section I. -NARCOTICS AND GENERAL 

anj:stheitcs 


The following chapter deals with the method of preparation 
of the principal synthetic substances which have found 
general use in medicine for their action upon the central 
, nervous system. 

* In every case the practical requirement is either that of 
a sedative or the promotion of sleep, whether it be of a 
temporary character as in the case of volatile anaesthetics 
such as ether or chloroform, or of a more lasting character 
such as the sleep produced by veronal. From remote times 
opium and alcohol have been used for«this purpose, and wMe 
both are retained for use in medicine, they have been largely 
supplanted by later discoveries of chemical substances 
possessing less disadvantages than those of opium and 
alcohol. 

Most of these substances, however, exert other actions 
besides that on the central nervous system, and the search 
for the ideal narcotic which is free from any by-effects 
must still be continued. Many interesting theories relating 
to narcotic action have been advanced, but no satisfactor>" 
generalisation has been adduced as to the nature of the 
chemi(?^ groupings which bring about the change id the 
circula*u<m of blood in the brain that results in sleep. 

Substances containing ethyl groups are generally more 
narcotic than those containing methyl, and less depressant 
than those containing higher alkyl groupings. The sub- 
stitutiott of hydrogen by halogen, especially chlorine increases 
the actian in mapy instances. 
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ETHER— ethy lie ether, sulphuric ether, CjHg.O.CgHj. 74* 
— Ether is made by the dehydration of alcohol witlt sulphuric 
acid. The technique of this method has been well developed 
by the Explosives Department, IMinistry of Munitions, 
through whose courtesy we are enabled to give an accotmt, 
necessarily; abbreviated, of the process for manufacturing 
ether as carried out at H.M. factories, Pembrey and Gretna, 

The plant, which has a productive capacity of 25 tons of 
ether per 24 hours, is largely covered by the patents of 
Barbet, to whom the illustrations given are to be attributed, 
The process is smooth running and continuous, and in essence 
consists of passing ethyl alcohol vapour through a heated 
mixture of sulphuric acid and ethyl sulphuric, or sulphonic, 
acid, C2HgHS04, whereby the elements of water are ab- 
stracted. 

CaHfi.OH fH2S04-C2H6HS04+H20 

C2HfiHS04-fC2H50H^ (C2H5)20 +HjS 04 
The issuing vapours, consisting of ether, alcohol, and water, 
are separated into tlieir constituents, by means of very 
carefully designed fra<;J;ionating and analysing columns. 

* During a period in which over 5000 tons of ether were 
produced, the efficiency of the process averaged 94*3 %, 
100 tons of ether requiring 131-2 tons of 100 % alcohol 
(142*6 tons of 92 % alcohol) ; 124*3 of 100 % alcohol 
being required according to theory. 

The plant, which is by Barbet, is illustrated in Figs. 
I and 2.* The still, or reaction vessel, is constructed of mild 
steel plates and is lined with lead. It is 9 ft. 2 ins. diameter 
by II ft. 6 ins., is insulated and contains a steam coil of 
li ins. lead piping 5 ft. 2 ins. high and 3 ft. 8 ins. diameter, 
andean open lead coil of 3 ins. diameter provided with | in. 
holes by which the alcohol vapour is admitted. The cover, 
of copper plate, is provided with (i) an inspection hole ; 
(2) a manhole ; (3) a vapour outlet pipe ins. diameter in 
a copper turret provided with a baffle plate ; (4) cwmection 
for ^cohpl vapour pipe ; (5) connections for steam pipe ; (b) 
•connections fovadd pipes ; (7) thermometer tube. 
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The fractionating column is made of copper and consists 
of eleven;soctions joined and bolted together, each section, 





witli the exception of the bottom and reducing sections, 
fitted into trays containing calottes and drip pipes. A 
diagram of a section is shown in Fig. 2 . * The reducing* 
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section contains a tray with drip pipes only and divides 
the column into two parts. § 

(a) The lower part, 22 ft. high by 5 ft. 3 ins. diameter, 
consists of 22 tra3^s and comprises the portion of the column 
from which recovered alcohol is drawn off. 

{b) Th^ upper part, 7 ft. ins. high by 4 ft. 10 ins,, consists 
0^ II trays and con- 
tains the “ Ether 
Zone ” from which 
rectified ether iswith- 
drawm. 

In the reducing 
section below the 
plate is a 61 ins. 
copper pipe for con- 
veying vapours to 
the alcohol condenser 
and a ins. copper 
pipe for conve>'ing 
liquid from the 
alcohol condenser. • 

‘Above the plate is 
a 6J ins. copper pipe 
for conveying va- 
pours from the 
alcohol condenser to 

the upper part of the 2. — Section of fractionating column, 

column, A 3J ins. 
copper pipe leads from the top of the column to the ether 
condensers, and a ij ins. pipe with cock from the third tray 
to the ether cooler. 

The three condensers, one for alcohol and two ffir ether, 
made of copper, 3 ft. 9 ins. diameter by 7 ft. 7 ins. high, are 
of the tubular, water-cooled, surface type. Each contains 
492 tubes of ij ins. external diameter by about 6 ft. long. 

The vaporiser, 8 ft. 8 ins. high by 2 ft, diameter, is * 
construdted of mild steel plates and is built in two sections. 
The bottom section contains 151 steanj-heated mild steel 
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tubes, f in, internal diameter. A ij ins. alcohol feed pipe 
enters thfe section near the bottom. The top section 
contains a baffle plate and is fitted with a cover with a 3 ins. 

. outlet pipe, on which an atmospheric relief pipe is provided. 
The vaporiser is also fitted with a steam pressure gauge, 
steam safety valve, gauge glass, and thermometer fittings. 
A tee-piece is provided on the outlet pipe, one branch leading 
through a 3 ins. lead pipe to the alcohol feed coil in the still, 
the other to the fractionating column. 

The process . — With one part by volume of sulphuric 
• acid (78 % by weight) are mixed two parts by volume of 
undenatured alcohol (92 % by weight), and 2600 gallons of 
the n^ixture are pumped into the still. This is heated up, 
and at the same time steam is turned on to the alcohol 
vaporiser, being so regulated that liquid alcohol does not 
appear in the gauge glass. When the temperature in the 
still reaches 105° a small supply of alcohol vapour is 
admitted, and this quantit}^ is gradually increased as the 
temperature rises. When at 121°, the steam is shut off, 
the heat of reaction being sufficient to take the tempera- 
ture to 128® at which it is maintaified throughout. The 
issuing vapours, consisting of ether, 50 % by volume, alcohol 
30 % by volume, and water 20 % by volume, are bubbled 
through a 2 % solution of caustic soda in the scrubber, and 
then pass to the fractionating column, entering between the 
ninth and tenth trays from the bottom. The lower portion 
of the column has previously been heated, and at the time 
the vapours commence to pass over, the trays are laden with 
hot water. The temperature in the alcohol condenser is 
allowed to rise to 50° and is kept at this by regulation of 
the water supply. As is to be seen from the diagram of a 
sectionirof the column, the vapours, in ascending from tray 
to tray, bubble through condensed liquor. Recovered alcohol, 
containing 5 % of ether, is drawn off at the bottom of the 
eighth ee^on, to the recovered alcohol cooler, from which 
it up to the alcohol storage tank which supplies 

^ The alkaline scrubber liquor, '^hich Contains . 

aimiliMhol, is rxissed into the column at the foot of the 
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fourth section, and the liquor which is run off at the bottom 
of the fractionator is free from both alcohol and eliier. 

The rectified ether is withdrawn from the ** ether 2one/* 
at the third tray from the top of the column, and runs 
through the cooler to a storage tank. 

A certain quantity of ether, termed the “heads,” and 
containing compounds of lower boiling point, such as methyl 
ether, and dissolved gases, is drawn from the jacketed tube 
connected to the second ether condenser, and may be 
collected separately. It can be mixed with rectified ether 
to form Methylated Ether (s.g. 0717). 

The quantities of materials and steam consumed per 
2240 lbs. of ether produced are as follows : — 

Alcohol (92 % ), 1*426 ton. 

Caustic soda, 0*0014 ton. 

Sulphuric acid (100 %), 0*0012 ton. 

Water, 9000 gallons. 

vSteam, 6000 lbs. using fresh alcohol ; and 10,000 lbs. using 
recovered liquors. 

^^abour, One chargeman and 4 labourers for 20,000 gallons 
per week. * 

A suitable plant for rectifying ether is illustrated in Fig. 3. 
The ether enters through a preheating coil A in the middle 
section of the column and passes by the drip pipes through 
the lower section to the steam coil. 

Ether for anaesthetic purposes is required (British 
Pharmacopoeia) to have a specific gravity of 0720 to 0722 
at 15*5°. It should not commence to distil below 34*5® 
and must leave no residue on evaporation. Ether is used for 
producing general anaesthesia by inhalation in uiinor ‘surgical 
and dental operations. It has a less depressing action than 
chloroform upon the heart, vessels, and respiratory* centre. 
When taken internally it acts as a stimulant and carminative* 
So-called methylated ether is made from methylated i^ixxt. 
It has a somewhat lower boiling point, due to the presence of 
methyl ethyl ether. Methyl ethyl ether is superior to : 
ether when employed as a- spray fof producing local aiiaps* 
thesia in minor surgery. For this purpose etbex^ howevt^i 
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Fio, 3.— Rectifier for purification^ 
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less efficient than ethyl chloride, besides being more objec- 
tionable to tlie operator. % 

Ether is a valuable solvent and is employed in the 
manufacture of fine chemicals, for which purpose pure ethyl 
ether is to be preferred to methylated ether. 

METHyIaL— meUiyleiiediniethvl ether, 76.— 
• * \OCH3 ' 

Methylal is prepared by the foUow'ing procedure : A mixture 
of parts of methyl alcohol, containing i % of anhydrous 
hydrochloric acid and i part of paraformaldehyde, is 
heated under a reflux condenser at 40^-50'' for six hours, 
and then allowed to stand overnight. The acidity is 
neutralised by the addition of lime and the mixturefis^then 
fractionally distilled. Methylal is a colourless volatile liquid, 
s.g. 0 855, B.r. 42'. It is readily soluble in water 
neutral to litmus. l\Ietliylal is used as an inhalation aiiies- 
thetic ; also, mixed with oil or glycerin, as a local anajsthetic. 
It IS said to be an antidote to strychnine. 

PARALDEHYDE, C0H12O3. I J2. — Paraldehyde is produced 
b> the pol}unerisation of acetaldehyde. Acetaldehyde is an 
intermediate compound in the manufacture of acetic add 
h'om acetylene or ethyl alcohol. It is also recoverable from 
the flrst runnings of alcohol distillation in the fermentation 
industry. Acetylene is to be regarded as the cliief economic 
source ; from it acetaldehyde is pre})ared by passing the gas 
into a violently agitated suspension of mercuric oxide in 
sulphuric acid. The process has been the subject of , a large 
number of patents. A useful account of the procedure as 
carried out at Shawdnigan Falls, Quebec, will be found 
in the Canadian Chem. J , 1919. 3. 258. 

^e polymerisation of acetaldehyde is conducted aa 
follow^s : 500 lbs. of acetaldehyde are placed in an earthenware 
or lead-lined vessel provided with a stirrer and an efficient ice* 
or brine-cooled condenser. One cubic centimetre of hydro- 
chloric acid, s.g. I 18, is added. After a time, the length of 
which is dependent upon the initial temperature, a vigorous 
reaction %ets in, the aldeh;^e boiling and being refluxed. 
When this slows down ^further similar ^lantity of acid is 
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added, which starts the reaction afresh, and the same 
procedure is repeated until no further heat is developed. 
The maximum degree of polymerisation has then been 
attained, and the liquid is neutralised by washing with water 
and sodium bicarbonate, dried with anhydrous potassium 
carbonate and fractionally distilled, a very efficient rectifying 
and analysing column being required. Unchanged acetalde- 
hyde passes over first and is mixed with the batch next to be 
polymerised, as is also an intermediate fraction which consists 
of a mixture of aldehyde and paraldehyde. 

The fraction distilling at I23°-I25‘^ consists of pure 
paraldehyde ; a colourless mobile liquid, having a charac- 
teristic bdour, and neutral in reaction towards litmus. B.P. ^ 
124°, M.P. lo"^. When mixed with potassium hydrate 
^lution, 6 %, no colour should be developed within two hours. 

Paraldehyde is a valuable sedative and hypnotic. It 
produces quiet and refresliing sleep and does not depress 
the heart’s action. It is largely used in the insomnia of 
mania, melancholia and other mental, and also cardiac, 
diseases. It has a marked action on the kidneys, increasing 
the flow of urine. * 

ACETOPHENONE or Hypnonc — phenyl methyl ketone* 
C6H5COCH3. 120. — Acetophenone is prepared [see Ber. 30, 
1769 [1897]) following method : 

CeHg-fCHsCOCl CeHgCOCHs+HCl 
* 78 78-4 120 36’4 

Two parts of sublimed aluminium chloride powder are 
covered with i‘6 parts of dry carbon bisulphide in a jacketed 
iron still provided with a stirrer and a reflux condenser. 
Cold brine is circulated through the jacket and the mi^ure 
stirret^ whilst a mixture of 1*3 parts of acetyl chloride and 
I *5 parts of dry thiophene-free benzol is added slowly, through 
a reaching below the level of the liquid. A vigorous 
reaction ensues, and is kept imder control by regulating the 
rate of flow of the mixture. When all has been added and 
the evolution dt gaheotis hydrochloric acid has sloi^ed down^ 
is passed into the jacket in phce of the brine, and the 
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suxture boiled for half an hour. It is then cooled and rtm 
out on to a stirred mixture of crushed ice and wat%r. The 
lower layer consists of acetophenone dissolved in carbon 
disulphide. It is separated, washed free from acid, dried, 
the solvent removed and the acetophenone ptirified by 
distillation i/i vacuo, 

^oetophenone forms colourless cr}'stals, ra.p. 20®. The 
commercial product is often a liquid. It boils at 20l®, is 
insoluble in water, but readily dissolved by alcohol. 

Like many other ketones it possesses fairly strong 
hypnotic properties. Its homologue phenylethyl ketone has 
a more powerful action, but is not commonly employed. 
The urethanes and sulphones {see pp. 32-48) are gelie|;^y 
regarded as safer hypnotics for general use. ^ 

ETHYL CHLORIDE - KELENE — C2HaCl. 64*4. — Two 
methods are in use for the manufacture of ethyl chloride, one 
(the older) involving the use of a high-pressure lead-lined 
autoclave. The descriptions that follow are based on those 
given 'in UUmann’s Encyclopedia der Technischen Chemie. 

(1) Molecular quantities of 94 % alcohol and hydrochloric 

acid (sp.gr. 1*16, or higher gravity if available) are mixed 
in a jacketed autoclave homogeneously lined with lead- 
Heat is* applied, the temperature being raised slowly, in the 
course of 3 hours, to 120®, at which it is maintained foi 
a further 2-4 hours, that is, until the pressure no longei 
increases. The reaction mixture is then cooled to and 
the vapours are led through towers in which they are washed 
successively with water, caustic soda solution, and concen* 
trated sulphuric add. The ethyl chloride is finally COU' 
densed in an earthenware cod cooled to —10® by meam 
of circulating cold brine, and led into a jacketed and cooled 
receiver, * 

(2) Seventy-five parts by weight of alcohol, 200 parts od 
hydrochloric add (sp.gr. 1*16, or higher gravity if available), 
and 64 parts of caldum chloride are added to 200 parts <|j 
the residue, adjusted to sp.gr. 1*208, of a previous operattaUj 

reddiie being contained in an ear^enware still set in 
water bath, ThS stitt is provided with a vertical outlet pi^,. 
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which condenses and returns the unchanged alcohol vapohr. 
The ethjfl chloride vapours pass through a series of wash 
towers, successively containing water, acid sodium bichromate 
solution, caustic soda, and concentrated sulphuric acid, 
and condensed in a brine-cooled earthenware coil. The 
whole system is maintained under a slight positive pressure 
during operation. ^ 

Heat is applied slowly, the temperature being raised 
until ethyl cliloride is seen, through a suitably placed sight 
glass, to be evolved. The distillation is so conducted that 
a regular flow of distillate is secured, the operation taking 
8-9 hours, in which time 70-72 parts of ethyl chloride are 
obtained. 

Of the residue in the still 200 parts are left for the next 
operation, the gravity being adjusted to i‘2o8 by addition 
of water. The remainder is neutralised with lime and the 
calcium chloride recovered by evaporation. 

Ethyl chloride is a neutral, colourless, volatile, inflam- 
mable liquid distilling at 12 5° and having a sp.gr. at 0° 
of 0*92 1. Latent heat of vaporisation 100. It may safely 
be stored in metal vessels able to withstand a gauge pressure 
of 15 lbs. per sq. in. 

It is employed as an ethylating agent in synthetic 
processes. In medicine it is used for producing local 
aneesthesia. Its effectiveness for this purpose results from 
its action as a refrigerant, due to its low boiling-point. It 
is also employed as a general inhaled anaesthetic for minor 
operations, being quick in its action and leaving no after 
effects. In point of safety it is said to stand betw^een ether 
and chloroform. 

Small quantities of ethyl chloride present in chloroform 
ar^^b^ieved to improve the anaesthetic qualities of the latter. 
When made from methylated alcohol, ethyl chloride contains 
methyl chloride imless separated therefrom by careful 
fractionation. 

ETHYL BROMIDE CaHgBr. loq.— The foUowing method, 
based on that give»>by Weston {Trans, J, C. St 1915, 107. 
1489), is satisfaf^tory and economical. 
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* Twenty parts of ice are added to 625 parts of sulphuric 
acid (sp.gr. 1*84) contained in a jacketed enamelled or lead* 
lined still provided with a stirrer, and fitted to a condenser ; 
after cooling this mixture, 276 parts of absolute alcohol are 
added. During addition of the alcohol the mixture is well 
stirred and the temperature kept below 40 The mixture 
is allowed to stand overnight, after which are added 6r8 
parts of coarsely powdered anhydrous sodium bromide. 
The stirring is now started and steam admitted cautiously 
to the jacket. The temperature is raised slowly and steadily 
until ethyl bromide commences to distil. The distillation 
is conducted gently, the temperature being increased only 
when the flow of ethyl bromide from the condenset ^ows 
down. Attached to the end of tlie conden.ser is an adaptor 
dipping below the surface of a layer of water which is kept^ • 
in the receiver. No frothing occurs if the heating is carefully 
conducted. When the evolution of ethyl bromide has ceased, 
sodium carbonate is added to the liquid in the receiver until 
the mixture is slightly alkaline after agitation. The aqueous 
layer is then separated from the heavier layer of ethyl bromide 
and evaporated down, \#ien a quantity of sodium bromide is 
r«:overed. The ethyl bromide layer is washed, once by 
churning with water in a lead-lined £q>:itator, and then with 
successive quantities of concentrated sulphuric acid, until 
the add is no longer coloured, and until the sjieciflc gravity 

at 15-5° exceeds 145. The sulphuric acid is used, with the 
exception of the first washing, for making up the reaction 
mixture for a succeeding batch. 

The product is finally rectified in earthenware, enamelled, 
or silica apparatus. Yield, 550-560 parts. 

Etjiyl bromide is a colourless, inflammable, strongly 
refractive liquid having a pleasant ethereal odour. * B.p. 
38“-39‘’: sp.gr. r453-r457/i5°. 

It is a local and general anaesthetic, similar to chloro- 
form, but more rapid in its action, and is occasionally used in 
conjunction with it. It produces anaesthesia rapidly and 
i^ useful in minor surgery and in detotal operations. In 
inexperienced hands, however, ethyl brcynide must be 



30 * ORGANIC MEDICINAL CHEMICALS 

* regarded as a dangerous agent, as the respiration is paralyasd 
at about' the same time as the reflexes, so that the zone of 
safety is very narrow, 

CHLOROFORM CHCI3. ii9‘4.“-For the manufacture of 
chloroform there are many methods of industrial importance. 
Chief among them are those in which bleaching powder 
reacts with alcohol or acetone ; but in addition to th(ise, 
chloroform is made through chloral hydrate prepared from 
chlorine and alcohol. It is also made by an electrolytic 
process and by the reduction of carbon tetrachloride. 

Manufacture from The best published descrip- 

tion of the method of manufacturing chloroform from 
alcohol and bleaching powder is that given by Frerichs 
(J. Ind. & Eng. Chem., i()i2, iv. 345 and 406). He describes 
,the process as it was being carried out in an American 
factory, and as it was modified as the result of his own 
experimental work. 

By the original process for making 100 parts of pure 
chloroform 1440 parts of 35 % bleaching powder, and 
72-73 parts of 100 % alcohol were consumed. By the 
modified method the corresponding* figures were 977 p^irts 
of 33*3 % bleaching powder and 69 5 parts of 100 % alcohol. 
The essential difference between the two methods is that 
whereas as originally carried out the whole of the bleaching 
powder was mixed with the aqueous alcohol before the heat- 
ing was commenced, by the modified process the bleaching 
powder was added gradually to the hot dilute alcohol. This 
' modification was based on the observation that the yield 
of chloroform obtained by heating chloral hydrate, which 
may be assumed to be an intermediate in the formation of 
chloroform from alcohol with lime, is greatest if the materials 
mixed at the boiling-point of their aqueous solutions. 

lCtH»OH4*^(OCl), 2CXU,CHO+3Ca(OH)s+5CaCl»-i-H,0 
mk 1303 ^ 

2CHCl,+Ca(HC00),+2Ca(0H)s4-5Caa,+2H,0 

239 



general desigh of the plant is illustrated in F%. 4. 
vessels A and B are constructed of wrought or 
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the condenser of copper and the^ leoeivera oj 
galvanised iron. 

Ninety-six gaUons of alcohol (94 % w/v) are diluted with 
300 gallons of water in the reaction vessel B. The eqtuva- 
Imt of 1500 lbs. of bleaching powder, 35 %, is charged intb 
the agitatof A and stirred with 750 gallons of water. The 
dildted alcohol is then heated to boiling by direct steam, 



and the bleaching powder mixture added gradualhr, at 
such a rate that, without further addition of heat, a steady 
stoam of chloroform, which is mixed with some alcohol/ 
distils over . When all the bleaching powder has been added, 
distillation is continued, about 480 gallons of dduted alcohfl 
beh^ obtained, in addition to the chloroform, in eadb) 

4B0 gallons of dilute alcohol is use^, together 
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fresh alcohol, to produce a further quantity of 20 % alcohol 
for making up the charge for the second operation, which 
is carried out in exacti}’ the same way. 

The following are the results given for a series of six 
operations carried out as above 


Hlearhlng ^xjwdei. 

Eng gallons 
alcohol 
,4%. i 

% 

Chloroform 
I 48 . 

Operation. 


For cent, i 

i ! 

Equal to lbs at 
35% 

I i 

1694 

1 i 

1500 

90 1 

125 

2 

U .94 

1 3^ 

1300 

12 1 

M7 

3 1 

It . 94 

1 1 

1300 

12 i 

159 

4 

1094 

1 3t I 

1 300 

12 

i5« 


It >9 4 

i 1 

1 5 (>r» 

12 1 

153 

" i 

1694 

1 31 1 

1500 

12 1 

159 


» 

Not counting the first two days, in which the i)revious 
charges have no influence ui)on the yield, the average 
consumption, for making 100 lbs. of chloroform was 952 lbs. 
of 35 bleaching powder. A record of a thirty-three 
days’ run with 6 units of ])lant showed a yield of 30,675 lbs. 
of pure chloroform from 299,525 )bs. of 35 % bleaching 
powder and 2753 gallons of 94 % alcoliol. * 

The amount of steam consumed was 2 tons for 100 lbs. 
of chloroform produced.* 

Manufacinrc from Acetone. — Bleaching powder (35 %), 
1400 lbs., is mixed with 700 gallons of water in an iron 
mixer fitted with rousing gear, and the mixture is trans- 
ferred to an iron reaction vessel of 2000 gallons capacity 
fitted with stirring gear, steam and w'ater inlets, and 
connected tlirough a long stillhead to an effective con- 
denser. The sludge is kept stirred and is heated to 45“, 
steam tjjien being shut off. Acetone, 122 lbs., rnixed 
with an equal volume of water, is next added, in the course 
of 10-15 minutes. The heat evolved by the reaction raises 
the temperature to about 60°, and chloroform distils over. 
Ulien the rate of evolution commences to slow down, 

• t 

* Basltcrvino and Hamor, /. Jnd. & Eng. Chem., 1^., 212, 278, 362, art 
A99> 57i* : 

Do«. /. Soc. Ck^ lHd„ 27 , 6, 271. 
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additional heat is applied and the distillation carried on 
until the condensate no longer contains oily )!rops of 
chloroform. 

The plant designed by Meyer is illustrated in Fig. 5. In 
the iron mixer A the bleach and water are mixed. B is 
the reaction vessel, and C the acetone container. D is a 
corftienser, K a washer and F the receiver. 

The condensate of crude chloroform is then separated 
from the uj^per la>er of water, and set aside for further 
purification. The aqueous layer is returned to the reaction 
vessel. 

The above quantities yield about 105 parts of crude 
chloroform. The yield is .stated in Ullmann’s Ency^op. der 
Tech. Chem. to be 100 ])arts of cliloroform from 600 parts 
of 35 % bleaching powder and 57 parts of acetone. • 

The relative economic advantage of using one or other 
of these methods depends, of course, on the prices of bleach- 
ing powder, acetone, and alcohol, and it may happen that 
at different periods or in dilferent countries either method 
may be the chea])er. 

Manufacture by Electrolytic Process (Rev. d. Prod. Chim. 
X 309). — A 20 % .solution of NaCl is heated at 100'’ in a 
leaden still and is kept agitated by means of carbon spatulas 
which at the same time serve as anodes for a 5-h amp. 
current. Acetone is introduced into the bottom of the still 
and is acted upon by the chlorine, fonning a compound — 
probably trichloracetone — which is decomposed by the action 
of the caustic soda produced, giving chloroform. 

The yield is stated to be 85 % of the theoretical. 

Manufacture from Carbon Tetrachloride. — Chloroform is 
also manufactured from carbon tetracliloride, by reducing 
this with iron powder and weak acid, or with zinc and 
hydrochloric acid (Chem. Rev. 1896, 88), but it may be 
doubted whether a product of pharmaceutical quality is as 
yet obtainable from this source. 

Manufacture from Chlorinated Alcohol or Chloral . — 
According *to D* R. P. 129237, chlorine is passed into cold 
stirred alcohol until the density has reached Jf 32, or (J. Chem. 
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Ind. Tokyo, 1918, 21, 219) rnitil the two layers whidb l<» f 
are almost equal in volume. One hundred paite of t&e ^ 
chlorinated product are added to a mixture of 500 partSv, 
of bleaching powder, 100 parts of slaked lime, and 2009 
parts of water. Heat is applied, and the chloroform slowly 
distilled over. It is stated that 95-98 parts of chloroform 
ar€ yielded by 100 parts of alcohol. + 

By whichever process described above chloroform is 
produced, it requires considerable further treatment to 
render it pure enough for medicinal purposes. Absolute 
freedom from aldehyde, ketone, phosgene, carbon teto^ 
chloride or like impurity must be secured by agitating it 
successively with sulphite or thiosulphate, an oxidisiftg , 
such as bichromate, sulphuric acid and an alkali. A suitable 



Fig. 6.— Washer for chloroform purification, 

washer is shown in Fig. 6. It should be lead-coated throi^jh* 
out. The chloroform is finally dried and distilled by catt^ ; 
fractionation and the constant boiling fraction is ulo^^ 
employed, ^ 

To the freshly distilled chloroform the amount of absolute ^ 
alcohol required to reduce the gravity to 1*485-1*487 mtl|t 
be added as a preservative. 

Pure chloroform may be produced directly from ptUt 
chloral hydrate by the action of caustic alkali. | 

Chloroform is a colourless, refractive, volatile liquifltf 
8p.gr. 1*4988, but as commonly sold admixed with 2 % 
alcohol, 1*485-1*487 ; b.p. 61*2*’. It must withstand 
jstpngent^ tests of the B.P. and U.^.P. if em|doy^s4 ^ 
l^haimaoetittcah purposes. No colour should be Wh^| 
20 cc am shaken with 15 c.c. of cone HjiOi and 4 ||| 
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40 % formaldehyde. In order to make it withstand this 
test grea€ care is required to avoid contamination with any 
organic matter such as cork or grease, and the alcohol em- 
ployed as a preservative must be carefully selected. 

CHLORAL HYDRATE CCl3CH(OH)2. i65-4.-H*-Until the 
commencement of the present century the chlorination^ of 
alcohol to chloral hydrate was carried out in glass containers, 
in which 25 kg. of absolute alcohol were slowly chlorinated, 



Fig, 7. — Sectional sketch of chlorinating vessel 

first in the cold, tlien with temperature gradually increasing 
to 90°-i95°, an 0])eration taking 6-8 weeks, day and night. 
This procedure was naturally vtry costly, and necessitated 
much labour and supervision. 

As carried out by D. R. P. 198422, homogeneously lead- 
lined jacketed vessels of 200-500 litres capacit3^ coated 
mtemally mth porcelain tiles, are employed, fitted with 
stirring gear, a jacket, and internal coils, .throt^h which 
either cold brine, Vater or steam can be passed, and numerous 
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chlorine distributing tubes. The vessel illustrated (Fig. 7) 
is suitable for chlorinations generally. It is fifted with 
globes for electric lamps, employed for accelerating the 
reaction. The vessel is filled to two- thirds of its capacity 
with alcohol. Liquid chlorine may be employed, being dis- 
tributed in*fme drops. The apparatus is kept under slight 
pressure, and several vessels may be arranged in series, so 
that no chlorine is lost. The operation is finished in 3--5 
days of 24 hours. On the first day the temperature of the 
alcohol is kept at 2(>“-25'' ; and it is slowly raised to 50 '*-60° 
during tlie second day, the specific gravity after 48 hours 
being 35'’-4o'^ Be. Finally, the temperature is raised to 
95°, the operation usually being finished when the specific 
gravity reaches 49 ' Bc\ 

Reactions : • 

CH.CtLOIl CH,a— tliel— Oil -X JLClCHClOCjlL 

^Chloral alcoholate is the main constituent of the reaction 
mixtuie at the end of 1 :he operation (/I. 279, 293 ; A. ch. 

3320). Volatile chlorinated by-products containing 
ethyl chloride are recovered from tlie exit vapours by 
condensation in stoneware towers. 

The reaction mixture is allowed to cool, when part of 
the chloral alcoholate crystallises out. An equal volume 
of sulphuric acid, sp. gr. i *84, is added in the cold, and the 
mixture gradually distilled. Ethyl chloride distils off first, 
HCl gas being also evolved. Between 70® and 90” ethyl 
alcohol passes over, and from 90° chloral commences to 
distil. , ^ 

The crude cliloral is neutralised with calcium carbonate 
and distilled from a lead-lined stiU, the vapours passing 
through a heated vessel containing lumps of limestone before 
being condensed. 

The distilled chloral is converted into chloral hydrate 
by the gradual Edition, with cooling and stirring, of water, 
12 ‘2 parts of which are required by 100 jarts of chloral* 
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The resulting material is reciystallised from benzol or 
p€troleufa ether. 

Colourless rhomboidal crystals having a penetrating 
aromatic odour and an unpleasant bitter taste. M.p. 50"* ; 
^•P* 94 4 7 • Readily soluble in water, alcohol, glycerine, 

ether, and chloroform. When shaken with 2 h parts by 
weight of concentrated sulphuric acid no colour shoulct be 
developed within one hour. An aqueous solution should be 
neutral to litmus, and should give no precipitate on addition 
of silver nitrate solution. 

Chloral hydrate was introduced into medicine as an 
hypnotic in 1869 Liebreich. It quickly produces a 
natural and placid sleep, but is not suitable for insomnia 
cat^d by pain. It is employed in cases of acute mania and 
♦jdelirium tremens, in asthma and whooping cough, and is of 
great value in midwifery. 

It is reduced in the body to trichlorethyl alcohol, which 
is eliminated in the form of a compound with glycuronic acid. 

CHLORALOSE (Chloral Glucose — Glucochloral) 

CsHiiOeGg. 3094 

-Cihloralose is prepared (Bet. 22, 1051) by heating together 
for 2 hours at 100° equal quantities of distilled chloral an’d 
ai^ydrous glucose. Steam is then blown through the reaction 
niixture, to remove imchanged chloral, and, after cooling, the 
mixture of chloralose and para-chloralose is filtered off. These 
compounds are separated by fractional crystallisation from 
hot alcohol, when the para-chloralose, being the less soluble, 
separates first ; ox{Bl, [3] 9, 17) by treatment with hot ether, 
which removes para-chlpralose, after which the chloralose 
may be finally purified by crystallisation from hot water or 
4coh9l. Colourless crystals, possessing a bitter, disagiaeable 
taste ; 186^-187° (para-chloralose, m.p. 227°). Sparingly 

; aidttble in water (0-65 parts in 100), soluble^in 31 parts of 

% alcohol, and in 125 parts of ether. Chloralose is em* 
ple^i^ed as a. h3npQottc and sedative in the insomnia of phthisis 
atid mania. It is said to act more like morphine and to 
jpo^aess a greater toadcity than chloral hydr|kte, bht patieiiits 
IP said to becofne rapidly habituated to its use. 



van HtfAL, 

CHLORAL FORMAMIDE (Chloralamide) 

CajCH(OH)NHCHO., 192-4. 

— Formamide, 45 parts (for preparation, see J. Amer. Chm. 
Soc. 40, 793), is added, with stirring, to cooled, frealdjr 
distilled chloral, 147-4 parts. Combination takes place vritlt 
evolution ci{ heat. The mixture sets, on cooling, to a HM 
cryatalline mass of cliloral formamide. (D. R. P. 50386; 
E. P. 7391/1886.) 

OH 

CCljCHO+HC^^ ->CCliH-NHCHO 

1474 45 1 92 '4 

The product is purified by recr>'stallising it froifl dilute 
alcohol. The solution must not be heated above 48®, 
at higher temperatures chloral formamide is reconvertedi 
into chloral and formamide. 

An alternative method of preparation is by heating 
together chloralammonia, prepared by passing dry ammonia 
gas into a solution of chloral in benzene or ether, and ethyl^ 
formate, 

• ^ 

C.a,CH<g”^+HCOOC2H, CC1 ,CH<^(,jjq+CjH,OH 
164*4 74 1924 46 

Colourless odourless crystals ; m.p. 114^-115®. Soluble^; 
in 21 parts of water at 20® and in 2 parts of 90 % alcdhol;: 
The aqueous solution should be neutral to litmus, and 116 
immediate turbidity should be produced on the addition cl 
silver nitrate solution. > ^ 

Chloralamide is a hypnotic possessing analgesic as wejft 
as sedative properties. Its action is similar to, but 
than* that of chloral hydrate, than which it is said«tO lM. 
less irritant to the stomach. It is claimed that it has fctll 
influence on the heart than chloral hydrate, but this dai^; 
has not been substantiated. ’ f , I! 

miTYLCHLORAL HYDRATE (Trichlorobutyraldehydal^ 
drate) CHj'CHD‘CCl2*CH(OH)j (X93‘4) is prepared 
action of •chlmme on paraldehy^ in* a similar nM^ii^ i|| 
tibit by which chloral is product from ak^dl* 
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The operation is carried out in a lead or porcelain-lined 
vessel pipvided with stirring gear, with a jacket and internal 
coils through which either cold brine, hot and cold water, or 
steam can be circulated, and with chlorine distributing tubes. 

Chlorination is commenced at —5°, and the tempe- 
rature is not allowed to rise above 0° untjl complete 
absorption occurs. Thereafter it is raised by increments 
of 5“ up to 90°, whenever appreciable quantities of 
chlorine are seen to be escaping with the hydrochloric acid 
vapour. The time occupied by the whole operation depends 
largely, of course, upon chlorine distribution and upon the 
efficiency of the stirring ; also, in the earlier stages,- upon 
the .adequacy of the cooling. It is advisable that the 
chlorination should be uninterrupted, as the longer the 
^time taken the larger is the quantity of the tarry condensa- 
tion products that are formed. When sufficiently chlori- 
nated, the reaction product is subjected to steam distillation. 
Butylchloral hydrate passes over, and is collected and 
recry'Stallised from water. Pearly white crystals; m.p. 
78°. The odour is pungent and somewhat fruitlike, and 
should not be acrid. It should not afford a brown cofeur 
when shaken or gently warmed with concentrated sulphurjc 
acid, and should be free from hydrochloric acid and chloride 
ions. It dissolves in 44 parts of cold, and readily in hot, 
water. Readily soluble in alcohol, glycerine and oils. 

Butydchloral hydrate is employed sometimes as a 
hypnotic, in this respect being sinidar to but less efficient 
than chloral hydrate. It is analgesic and especially recom- 
mended for the relief of facial neuralgia, and in the treatment 
of tic douloreux. 

CHLORETONE (Trichloro tertiary-butyl alcohol) (ace- 
tone-dhloroform) * 

CH3\ /OH 
CH,/ XCQs 

177-4 

To a torture of 500 parts of dry acetone and 5000 parts 
ni chloroform, % cooled to below 0“ and continuously 
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stihcd, are added gradually, over a period of 2} days, 
335 parts of finely powdered caustic potash. Af^r being 
allowed to st§nd at room temperature for a further if days 
with intermittent stirring the mass is filtered and the residue 
washed with acetone. The Combined filtrate and washings 
are distilled ; unchanged chloroform and acetone are 
recQ^rered, and the fraction passing over between 165° and 
172° is collected separately and shaken with water. Crys- 
talhsation sets in, and when this is complete the solid is filtered 
off and recrystallised from a mixture of alcohol and water 
(/. pr. Chem. 37, 362). It is extremely volatile even at 
ordinaiy^ temperatures, and requires to be dried with great 
care to avoid loss. o 

White glistening crystals having a camphoraceous odour 
and taste ; m.p., when anhydrous, Soluble in 

125 parts of water ; in § part of qo % alcohol. 

Chloretone has an action similar to that of chloral hydrate 
on the central nervous system, and is used in the treatment 
of insomnia, vomiting, and spasmodic conditions, being less 
liable to irritate the stomach. It is employed as an intro- 
ductor}' to general afieesthesia. excitement and nausea 
b^ing thereby lessened. It is a mild local anaesthetic and 
possesses antiseptic properties. Both chloretone and its 
condensation product with chloral 


( (^H3)2--C<^OCHOCCl3 '"■P- ^5°) 


are said to be efficient preventives of sea-sickness. 


THE SULPHONE HYPNOTICS. 

SiHphones of the type : — 

RjSOj/ Xr, 

possess remarkable narcotic properties when the radicles 
aje alkyl groups of which at least two are ethyl The 
physiological activity of an equal concentration of tl if te 
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compjptmds increases according as two, ijiree, or four "of 
these r^^icles are ethyl groups. Sulphonal is a substance 
of the above formula, in which Rj and R2 are ethyl groups, 
,^vRs and R4 being methyl. In Trional there are three, and 
in Tetronal four, ethyl radicles. 

According to Meyer, the physiological effect pf the three 
substances may be expressed by the ratio : — 

Sulphonal 6 

Trional 13 

Tetronal ig 

SULPHONAL (Diethyl-sulphone-dimethyl-methane) 
C2H6vS02\ /CH3 

C2HqS02'^ \cH3 
0-228 

^ Sulphonal is prepared by condensing ethyl mercaptan 
with acetone, 

2C2H6SH + C0(CH3)2 (C2H5S)2C(CH3)2+H20 

124 58 164 

and the resulting acetone ethyl mercaptol is oxidised 'to 
the sulphone, sulphonal. 

Preparation of Ethyl Mercaptan CgHsSH.-Ethyl mer- 
captan is made by the interaction of potassium, or sodium, 
hydr(^en sulphide, KHS or NaHS, with sodium ethyl 
sulphate or with ethyl chloride (Rengault, Ann. 34, 25). 

Two parts by volume of 99 % alcohol are added to a 
mixture of i part by volume of sulphuric acid (sp.gr. 1-84) 
and I part of 20 % fuming sulphuric acid, the temperature 
bring kept below 70°. The mixtiire is allowed to cool 
overnight, diluted with crushed ice, and poured on to a 
frixtdre of ice and a solution containing 8 parts by height 

aodlflm carbonate crystals, with stirring. More sodium 
wixmate is added if necessary, and the neutral solution is 
C^OOCentMed until a crust of salt forms on the surface. On 
tooling, most of the sodium sulphate separates out, and m 
nltemd'^. The fiUrate, measuring about 3 yolumes, is 
lifXed with a solution of potassium satohide. pieoared fnt 



sai^ mm np a soitmoa oi i*o pans 
>XOH in 3 parts by volume of water. The mhctti^ ia 
gradually heated, and the ethyl mercaptan distilled ovei; 
It^is freed from ethyl sulphide by treatment with 
centrated NaOH solution, in which ethyl mercaptan dfc^ 
solves. Any imdissolved oil is separated, after which thf 
merehptan is reprecipitated by addition of acid. 

Mercaptan may also be prepared from ethyl chloride by 
the following method. A solution of potassium (or sodium) 
ir hydrogen sulphide is treated with ethyl chloride in a jacketed 
autoclave, fitted with a stirrer and connected to a condenser. 
Slightly more than one molecule of ethyl chloride is required, 
some alcohol also being added to facilitate reaction* The 
mixture is gently warmed, with continuous stirring, to 50®*^ 
60®, and maintained at this temperature until the titration 
of test portions with acid, using methyl orange as indicator, 
shows the reaction to be completed. The ethyl mercaptan, 
which is mixed with alcohol and some diethyl sulphide, is 
distilled over, converted into its sodium salt, after which 
the alcohol and diethyl sulphide are removed by a second 
distillation, and reprecipitated by the addition of add, as 
mantioned above. 

Ethyl mercaptan boils at 36® ; it is nearly insoluble in 
water. 

Preparation oj Acetone Ethyl Mercaptol 

164. 

{Ber, 19, 2803). One part of acetone is mixed with 2| part| 
of ethyl mercaptan (20 % excess) and the mixture treftt^ 
with dry hydrogen chloride, the temperature being 
by co^g, below 25°. The condensation may be f|d^ 
vtated by tiie presence of anhydrous caldum chloride, ndtidb 
' serves to remove the water formed by the reaction. 
saturated with HG the mixture is left to stand ovem%ht^ 
iithea washed with water. The mercaptol layer is 
CaGj and fractiomhlly distilled, Unchioged 
liu^ptmt f>asses over first, the raerCaptoI di»tiUii|f ^ 
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Oxidation of Acetone Ethyl Mercaptol to Sulphonal (Ber, 

19, 286). — To acetone ethyl mercaptol, 164 parts, are 
added, with violent agitation, 5000 parts of a 5 % solution 
of potassium permanganate. The mixture warms itself as 
oxidation proceeds. vSolid potassium permanganate is added 
from time to time, to maintain the concentration, until, in 
all, about 420 parts have been used. Stirring is conthiued 
until the permanganate has been practically all consumed, 
after w'hich the temperature is raised to boiling, the solution 
decolorised, if necessary, by addition of sodium bisulphide, 
and filtered. From the filtrate sulphonal separates on 
cooling, and is filtered off and purified by recrystallisation 
frofti aqueous alcohol. 

By another method sulphonal is made from ethylidene 
diethyl sulphone, acetaldehyde taking the place of acetone. 

Acetaldehyde (b.p. 21°) 44 parts, (i molecule), is mixed 
with ethyl mercaptan 124 parts, (2J mols.), when interaction 
occurs with the evolution of heat. Anhydrous zinc chloride 
is added, with good cooling. After standing for some time 
the mercaptol is separated from the layer of aqueous zinc 
chloride, and is washed with water, dried, and distilled ; 
b.p. i85°-i 87°. The mercaptol is oxidised with potassium 
permanganate solution to the corresponding sulphone 
CH3CH(S02C2H5)2 in the same way as before, and this is 
converted into sulphonal by boiling an alcoholic solution of 
the sodium salt with methyl iodide. 

{C2HoS02)2CCH3Na+CH3l (C2H6S02)2C(CH3)2+NaL > 
236 142 228 150 

Sulphonal forms colourless, odourless, almost tasteless 
pris^jaatic crystals. It dissolves in 400 parts of cold,^and in 
15 parts of boiling, water. It is readily soluble in alcohol, 
I in and in chloroform. M.p. 125-5°. The aqueous 
solution should be neutral in reaction, and should not give 
the reactions of chlorides or sulphates. Thte solution in 
boiling water should be free from odour* showing absence 
of mercaptan and ihercaptol. The aqueous solution (10 c^c.) 
i^ould not be^ immediately decolorised after addition of a 
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drop of potassium permanganate. Its physiological pro- 
perties are compared to those of other sulphones, pi* 36. 

TRIONAL (Methyl sulphoiial. Die^yl-sulphone*ethyl 
methyl methane) 

CoHfiSO.x /CH3 
CoHjSOo/ 

242 

Methyl etliyl ketone and ethyl mercaptan are condensed to 
the mercaptol, which is oxidised in the same way as has 
been described under “ Sulphonal " (D. R. P. 49073). The 
conditions to be observed are materially the same. Ethyl 
methyl-ketone-ethyl mercaptol ; b.p. 198*^-203°. 
Alternatively, the cthylidene diethyl sulphone 
CH3CH(SOoCoHfi)2, 

described under “ vSulphonal/' may be ethylated, by treat- 
ment with sodium ethylate and ethyl iodide in absolute 
alcohol, when trional is afforded. The ethylation is stated 
not to ])roceed well, much substance remaining unchanged. 
Trional is a white cryst^line powder, which melts at 76’5°. 
Tt dissolves in 400 parts of cold water, giving a neutral 
solution ; it is readily soluble in alcohol. Trional should 
comply with the same tests as sulphonal for absence of 
impurities. 

TETRONAL (Ethyl sulphonal — Die thyl-sulph one-diethyl 
methane) 

C2H,S02\ /C 2 H, 

c 

CjHjSO/ XCjHj 
256 

Ethyl /nercaptan, 7 parts, is mixed with 5 parts of ditthyl 
ketone ; the mixture is cooled with ice and saturated with 
dry HCl. Condensation is completed in a few hours and 
the mercaptal is then washed witJi water and distilled ; 
b.p. 225°-230°. It is oxidised to the sulphone, tetronal, 
in the manner described under “ Sulphonal." (D. R. P, 49366; 
E.*P. 12563^1888.) 

Tetronal crystallises in silvery leaflets ; ^.p. 85® C. It 
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dissolves in 500 parts of cold water, and in 12 parts of 
90 % a&ohol. It should comply with the same exclusive 
tests as sulphonal. 

The three sulphone methanes described above, when 
administered in therapeutic doses, produce sleep without 
noticeable effect on the circulation and respiration. Sul- 
phonal is the most generally used ; trional is next in import- 
ance ; tetronal is but little used. The action of sulphonal 
is more slowly established than that of trional, probably 
on account of its lesser solubilit>\ The low solubility of the 
sulphones renders them somewhat uncertain in their action. 

Hypnotic action is not exhibited by disulphones which 
do hot contain ethyl groups. Thus dimethybsulphonedi- 
methyl-me thane (CH3)2C(S02CH3)2 is without hypnotic 
action. 

Dimethyl-sulphone-ethyl- methyl methane 

^CH3)C(S0XH3), 

has a slight hypnotic action ; whilst sulphonal 
{CH3)2C(S02C2H5)2 

and the isomeric dimethyl - sulphone - diethyl - methahe 
(C2H5)2C{S02CH 3)2 possess a considerable and equal hypnotic 
effect. 


DERIVATIVES OF UREA. 

The constitution of a large number of compormds of 
significance in biochemistry includes the carbamic add 
grouping. The Narcotics, which are esters and derivatives 
of carbamic acid, comprise a very important class. The 
physiological activity of these urethanes is traceable chiefly 
to tbeir physical properties and to the presence of ethyl 
groups, and is not commonly attributed to the carbamic 
residue. Ethyl urethane, methylpropylcarbinylurethane, 
tertiary amyl urea, diethyl malonyl urea, etc., constitute a 
senes of hypnotics, the coinmerdally important members of 
which are here described. ** 

The action^of adalin and veronal seems to be confined to 
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the central nervous system, and they are consequently 
preferred to all other hypnotics when sleep alone is^ ngh f 

URETHANE (Ethyl carbamate) 89.— Ure- 

thane can be prepared from ethyl chloroLrmate by the 
action of ammonia, or by the interaction of urea nitrate 
or urea chloride, or isocyanic acid, with alcohol. 

I. From Ethyl chloroformatc. -Ethyl cliloroformate is 
made — 

(a) (D. R. r. 117624) By the interaction of molecular pro- 
porhons of phosgene and antipyrine in benzene solution. A 
double compound is formed, which, treated with absolute 
alcohol IS dissociated into antiiiyriiie hydrochloride ‘and 
ethyl chloroformatc. 


CiiHi.ONjCOClo-i-C.HsOH ^’i|Hi20N2HCl+C0(^^ 

(ft) ( 1 >. R. r. 251805) To 250 parts of a 20 % solution of 
p losgene in ether are added gradually, with cooling, 23 
parts of absolute alcohol diluted witli some ether, followed 
, technical monomethyl aniline in an equal 

volume of ether. After the reaction is completed the 
solution IS shaken out with dilute acid to remove the methyl 
anilme, dned, and fractionally distilled. 

(c) Phosgene is passed slowly into ethyl alcohol cooled 
by a freezing ^ture, the reaction mixture is poured into 
a httie water, dried, and distilled. 

Ethyl chloroformatc distils at 93“. 

• ethyl chloroformatc, the latter 

>s added, with vigorous stirring, to an excess of o-88o 
ammonia, cooled to io°-i5» by external cooling. (A««. 10 . 

+NH4a 

108-4 0-34 0-89 534 

4-1.3^ ^ prepared by passing ammonia gas into an 

eth^al s<j)ution of ethyl chloroforq,ate. The reaction 
mirture is evap., rated to remove excess of ammonia, and 
the urethane extracted with ether, and, after removal of 
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the solvent, distilled in vacuo. B.p. iy 2 ° at 760 mm. ; 
m.p. 48"^ 

(2) From Potassium Isocyanate (Folim, Am. Chem. J. 1 9, 
341). — Five parts of potassium isocyanate are dissolved in 
sufficient warm 50% alcoliol to give a clear solution. This 
is added slowly to a concentrated alcoholic solution of 
hydrochloric acid, containing excess of acid. The mixture 
is allowed to stand for 24 hours, neutralised with barium 
carbonate, filtered, and freed from alcohol by distillation 
under reduced pressure. From the residual liquid urethane 
is extracted with ether. Yield, 60 % of the theoretical. 

* ' C()=.NH+Co]V)H-»a) 

(3) From Carhamic chloride (Ann. 244, 40). — Carbamic 
chloride (prepared by the action of ])liosgenc on ammonium 
cliloride) is added slowly to an excess of absolute alcohol. 

The reaction mixture is treated with water, and the 
urethane extracted w'itli ether. A quantitative yield is said 
to be afforded by this method. 

Urethane forms colourless, odourle.ss crystals, m.p. 48^', 
possessing a peculiar “ cool ” taste It di.s.solves in 2 parts of 
water, and in i part of alcohol qo %. A 10 % aqueous 
solution should give no reaction for chloride or nitrate. 

Urethane is employed as a mild narcotic. Compared 
with chloral hydrate it has little action on the blood pressure 
and does not affect the heart. It is especially suitable for 
children. It is oxidised in the system to carbon dioxide and 
urea. 

HEDONAL (Methylpropylcarbinyl urethane) 

^^^IJ’CHOCONHo, 131. 

Metliylpropylcarbinvl urethane (hedonal) has an hypnotic 
action twice as powerful as that of urethane. It is said 
to have no action on the circulation or respiration, and to 
be useful in insomnhi. ^ 

According to D. R. P. 114396, methf\dpropylcarbinbl, 
20 parts, is mked with 28 parts of urea nitrate, and the 
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mixture heated in a closed vessel under pressure for 5-6 
hours at i25°-i3o”. When cold a small quantity water 
is added to the mass, and the oily liquid which separates is 
isolated from the aqueous solution. On standing it solidifies, 
and is jjuriiied by recrystallisation from light petroleum. 
An alteniativT method of j)reparation is b>' tlie action 
of ammonia on methylpropylcarbinyl chlorocarbonate 

r^T-T^/CIIOCOCl (I). R. P. 120863). The clilorocarbonic 

^307/ 

ester may be obtained (D. R. PP. 117624, 118536, 118537) 
by combining })hosgeiie with a molecular proportion of a 
tertiary base, such as antipyrine or dimethylaniline. The 
resulting double compound is treated, in benzene ot ether 
solution, with a molecular proportion ol the alcohol, in this 
case methylpropN’lcarbinol, when the hydrochloride of the 
base and the chlorocarbonic ester are produced. The former 
is washed out with dilute hydrochloric acid, the solvent 
removed, and the ester distilled. 

Cl , 

R3N )Cl3 -> R:j • N; ( bp :CHOH ) 

toci ^ 

I ^ TJ 

^ Rj N HCH-f. S* 'CHO’COCl 

L3II7/ 

Five parts of methylpropylcarbinyl clilorocarbonate ester 
dissolved in 10 parts of benzene are treated, whilst being 
cooled and stirred, vvillr 20 % aqueous ammonia (2 mols.) 
and agitated until the odour of the ester has disappeared. 
After standing for one hour the benzene layer is isolated and 
the benzene distilled off, when the urethane is obtained. 
(C/. also D, R. PP. 120864 and 120865.) 

(.^lIp/CHOCOCl f2NH3 ^P^bCHOCONHs+KH^Cl 

A white crystalline powder, having a faint aromatic 
odour and ta.ste. M.p. 74" ; bp. 215°. 

Slightly soluble in cold water, readily soluble in alcohol, 
ether, chlofoform, and other organic soJvents. 

Hedonal is used as an hypnotic in cases of insomnia due 
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to mental overwork, or nervous excitement due to neuras- 
thenia (k hysteria. It is stated to have a greater hypnotic 
effect than ethyl carbamate, and its use to be unattended 
by deleterious after-effects. 

AD ALIN (Bromodie thy lace tyl urea) 

(C2H5)2CBrCONHCONH2. 237. 

In considering the manufacture of the important narcotics 
of this grou}) the j)reparation of the intermediate substance, 
diethylnialonic ester, and from it of diethylacetic acid, will 
lirst be described. The group includes, besides adalin, 
veronal or diethylbarbiluric acid, proponal or dipropyl- 
barbitjiric acid, luminal or pheiiylethylbarbituric acid. 

Malomc Ester . (see Amcr. Journ. 

)/ Science, 26, 269 (1908)).— Monochloroacetic acid, 200 
)arts, is mixed with water, 50 parts, and neutralised by 
die addition of 300 parts of crystallised sodium car- 
Donate. The solution is heated to 80"^ and poured, with 
rapid stirring, into a solution of 125 parts of sodium 
cyanide in 250 parts of w'ater, heated to ()o““95", and, 
ifter the reaction has subsided, the mixture is boiled for 
several minutes. It is then cooled and neutralised wilh 
sulphuric acid, using logwood paper as an indicator. The 
separated salt is ffltered off, and the filtrate evaporated 
to dryness in vacuo at 60"". The salt is washed with 200 
parts of 94 % alcohol, filtered, the filtrate added to the 
residue obtained from tlie evaporation, warmed and again 
filtered. The solid is washed with a further similar quantity 
of alcohol, and the two alcoliolic filtrates are combined and 
evaporated under diminished pressure. The diy^ residue 
is mixed with 600 parts of absolute alcohol, 10 patts by 
weight qf sulphuric acid (sp.gr. 1-84) added, the mixture cooled 
to below 0°, and saturated with dry hydrochloric acid gas. 

E standing for 2 hours the solution is boiled for 2 hours, 
cooled and filtered. The sohd is washed with 100 
of absolute ajcohol, which is then mixe^ with the 
previous filtrate. The mixture is boiled, and the vapour bf 
go parts of absiolute alcohol passed through it, in 3-4 hours. 
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Part of the alcohol is then distilled off, and the residue, aftet 
cooling, poured on to ice. The ethyl malonate is extracted 
with etlicr, washed with an alkaline carbonate, dried with 
calcium cliloridc, and distilled in vacuo, after removal of 
the solvent. A yield of 85-88 % is claimed by this method. 
B.p. 198°. 

Ei/tT (C2H5)2 C\^qq^^^® 216. — Sodium, 

23 parts, is di.ssolved in absolute alcohol, treated with 
ethyl miilonate, i molecule, 160 parts, and slightly more 
than 1 molecule of dry ethyl iodide or ethyl bromide. The 
mixture is refluxed until neutral, the alcohol is distilled off, 
the cooled residue treated with water, and the monoethyl 
nialonic ester extracted and rectified. The second ethylation 
is brought about by a repetition of this process under 
identical conditions, whereby diethyl malonic ester is 
produced. B.p. i95''-205'\ 

Dicthylacelic Acid (C2H5)2CHCOOH. 116. — One mole* 
cule of dieth> l malonic ester is heated with an aqueous 
solution of 2 molecules of caustic soda until neutral to 
phenolphthalein, or untif the alkalinity to this indicator no 
longer decreases. The alcohol is distilled off, the residue 
c'ooled and treated, whilst stirring, with an amount of 
concentrated h)drocliloric acid equivalent to the caustic 
soda emi)loyed. An oil separates which presently solidifies, 
and consists of diethylmalonic acid. This is filtered off 
and recr>'stallised from benzene, after which it should 
melt sharply at i 2 i^. 

It is converted into dicthylacetic acid by heating to 180® 
in vacuo in an oil-jacketed .still provided with stirring gear 
and a^condenser. After the evolution of CO2 is complete 
the temperature is raised imtil the dicthylacetic add 
distils over. 

Bromodieihylacetyl Bromide , — Dicthylacetic add is treated 
with phosphorus and bromine according to Volhard's well* 
known method {Ann. 242, 141). 

• 3(C,H,)aCHCOQH+P+5Br*->3(C,H,),CHcbBr+HPO,’f2HBr 

3(C^J^HCOBr+6Br 3(C,H^,CBrCOBr+3Hyr 
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The components are reacted at as low a temperature as 
possible?'; 50 "^-60°, and the resulting acid bromide is isolated 
from the hypophosphorous acid and freed from hydrobromic 
acid by aspirating through it a current of driea air or 
carbon dioxide. Lastly it is distilled in vacuo. 

Bromodieihylacctyl urea (D. R. P. 225710).— Pure bromo- 
diethyl acetyl bromide, 258 jmrts, is mixed with dry 
powdered urea, 122 parts, and the mixture allowed to re- 
main at atmospheric temperature for 12 hours, with inter- 
mittent stirring, after which it is heated on a water-bath . 
at 6 o''-7o^ for 3 hours. When cold, the reaction product 
is powdered, treated with water, and sodium bicarbonate 
added* until iilkaline. The undissolved material consists 
of bromodiethylacctyl urea, and is iiltered off, washed, and 
dried, after which it is recrystallised. In view of the fact 
that on heating with water it loses HBr. giving diethyl 
CO-NH 

hydantoin (CAl^,)oC | (m.]). 181”) (Her. d. dciitsch. 

NH-CO 

pharm. Gcs. 21, 06 (1912)). crystallisation is best carried 
out in an anhydrous solvent, sueb as benzene, or ligroin, 
but it may be crystallised from alcohol. * 

Many alteniativ^e methods of preparation have been 
protected, of wliich the following is a summary : — 

From bromodiethylcyananiide (CoH5)2CBrCO'NH'CN by 
hydrol}'sis with concentrated sulphuric acid (D. R. P. 
225710). ^ 

By the bromination of diethylacctyl urea (D. R. P. 225710). 

Oxidation of bromodiethyl thiourea with KMn04 (D. R. P. 
225710). 

Fjom bromodiethylacet}! phenyl carbamate (D. ^R. P. 
225710). 

By heating bromodiethylacctyl isourea methyl ether with 
HCl (D. R. PP. 240353 and 243223). 

By the action of HCNO on bromodiethylacetamide 
(D. R. P. 249906). 

By treating brorftodiethylacetyl carbamide chloride with 
ammonia (D. R. P. 249906). 
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By treating bromodiethyl acetyl cyanate with ammonia 
(D. R. P. 271682). •# 

By interaction of bromodiethyl acetamide and carbaraic 
chloride (D. R. P. 262148). 

Adalin is* a colourless, crystalline powder, m.p. 115''- 
116°, containing 35 ‘8 % Br. It is slightly soluble in cold 
water, and in cold b<.mzol or ligroin, and readily soluble in 
alcohol or acetone. 

Adalin is a mild and promptly acting sedative, the use 
of which is associated wdth no unpleasant sequelae. It is 
employed as a sedative in cases of neurasthenia, hysteria, 
and insomnia, and for mental disorders. * * 

VERONAL (Barbitonc — diethylbarbituric acid — diethyl 
CO — 

malonylurea) (CoHsjoC C(>. ChHi.NoOs. 184.— 

This usedul hypnotic has attained great commercial im- 
j)ortance. A very large number of patents cover its prepara- 
tion. The two methods w'hich are of greatest teclinical 
importance are described in some detail ; the others are 
merely enumerated. 

•(i) By the Condensation of Diethylmalonic ester and Urea 
(D. R. P. 146496). -For the preparation of diethylmalonic 
ester, sec “ Adalin/' p, 40. vSodium, 32 parts (3 mols.), is 
dissolved in absolute alcohol (600 parts), and to the cooled 
solution 40 ])arts of dr\^ urea and 100 parts (1 mol.) of 
diethylmalomc ester are added. The mixture is heated 
under pressure in an autoclave at loo'^'-iio' for 4-5 hours. 
After cooling, the sodium .salt of diethylbarbituric acid is 
filtered off and the fdtrate reheated, when a further crop 
may he obtained. ^ 

The sodium-veronal is dissolved in water and the 
solution acidified with hydrochloric acid. The product, 
is filtered off and crystallised from water, a decolourising 
agent, such as vegetable charcoal, being employed if 
necessary. 

• By a lifodifi (Ration of the above prticess, which is said 
(7. Amer. Chem. Soc. 40, 725) to afford# higher yields, 
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^ydrous metliyl alcohol is employed in place of e%] 


(C TT ^ , NHo\ 

(CA),C C00C:h 


216 


^L.xi6 ^NH2/ 
60 




' ^co-nhX^+2^'2H»oh 
184 

(2) Imn Didhyl-cyanoacctic Ester (D. R. ]>p. 146^84 

dissolved in 800 parts of 
absolute alcohol, and, after cooling. 70 parts of j.owdered 

th, d't'thyl-cyanoacetic ester added, and 

ethef 1, ' ‘“^"'vcd in vater, extracted with 

^er neutrahsed with concentrated hjdrochloric acid, and 

rtrvsS r -^^"od-ethyl malonyl urea purified by 
recrj stallisation from water, M.p. 195°. 

, NH.,'. 

td9 60 

NH 




-(C.H.),C<Cy-J2;CO+C,H,OH 

183 

100 parts of immodiethyl malonyl urea are dissolved in 

isbniWl'f”^'^* 3'3 N-hydrocliloric acid, and^e solution 
IS boiled for a short time. Diethyl barbituric acid crj-stallises 
on “ind is filtered off and recrystallised from 

W r. le acid filtrate may be used, after raising the 
^centration agam to 3 3 N, for the hydrolysis of a (^er 
quantity of the imino acid. 

NH 

[c,H.),c<J^JJg;x;o (C2H,)*C<gl^>CO+NH4a ♦ 

‘ t84 ^ 

i>;<s%/wa/o»y Chloride and Urea (D. R. PP. 
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146949, i82764).-“Diethyl malonic acid (i mol.) is warmed 
gently with phosphorus pentachloride (2J moy, the 
diethylmalonyl chloride is separated from phosphorus 
oxychloride, and purified by distillation. B.p. 197°. {Bet, 
3 S» 854 )‘ 

Diethyliitalonyl chloride, 3 parts, is mixed with 1*9 
parts of finely powdered dried urea and heated for 20 hours 
at 90°-! 00°. Hydrochloric acid is evoK^ed, and finally 
there remains a solid mass which, on crj'stallisation from 
hot water, affords pure veronal (H, R. P. 146040). 


(^2^6)2^ cOCr 


ig6-8 


60 


(c,h,),c(^;|:N2)co 

184 


Veronal forms colourless, odourless crystals, possessing 
a faintly bitter taste ; m.p. loi"". It is sparingly soluble 
in cold water (i in 160), more readily in hot water, and 
fairly soluble in aqueous solutions of alkalis ; it dissolves 
(i in 8J) in 90% alcohol. 

Veronal-sodium, known as Medinal, is readily soluble in 
water, and is consequently a useful form for administration, 
especially per rectum. Veronal is one of the most widely 
used synthetic hypnotics, on account of its relatively low 
toxicity and comparative freedom from harmful by-effectS, 
It produces quiet, deep sleep within an hour of administra- 
tion. Large doses cause death. It is of little value where 
there is pain and in such cases it is of advantage to administer 
aspirin at the same time. When taken internally, 62 % 
is said to be eliminated unchanged, and subsequently to be 
found in the urine. 

Veronal and its homologues can also be made from thifei 
foUov^jng substances : ^ 

C-Monoalkylbarbituric acid by alkylation (D. R. ¥. 

144432). 4 

Dialkylmalonic esters, urea, acyl urea, or alkyl urea, 
and alcbholates, alkali metals, alkaliamides, or disodium* 
cyanamide (B. R. PP. 147278, 147279, 1472S0, 178935). 

• 2:4-diii!iino-5-<iialkyl-6-oxypyrimiditie with acids (D. 

PP. 158592, 162657, 168405 (158581), 1806^). 
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Dialkylated 2-tliio-4-6-diox3'pyriinidmes (D. R. PP. 
i622ic^ 165649, 172404). 

DialkyllliiobarbitLiric acids (D. R. P. 170907). 
5-dialkyl-2-thio'4-imino-6-oxypyrimidincs (A. P. 751724 ; 
D. R. P. 173241). 

Dialkylinalonyl chloride and biuret (I), R.< PP. 162220; 
183857). 

Dialk} linalonyl halides and allophanic esters ( 1 ). R. P. 
i776()4). 

Dialkylnialonamic acid ester (D. R. PP. 162280, 182045, 
163200, I7i2()4). 

Dialkylinalonyl diurethanes (D. R. PP. 171992, 172886, 
r7288«5, 179946, 183628). 

Dialkylnialoii) 1 diamides and carbonic esters (D. R. PP. 
163136, 169406, 168407). 

Dialkylinalonyl diamides and phosgene (D. R, P. 

167332). 

Cyanodialkylacetyl urea (D. R. P. 165225). 
5-dialkyl-4‘6-diamino*2-oxy-{D. R. P. 166448), or 4‘6- 
triaiuino-iiyrimidiiies (D. R. PP. 165692, i656()3). 

Pyrimidine derivatives from 'dialkylcyaonacetic ester, 
malonic esters, etc,, with dicyandiamides or guanylurea 
(D. R. PP. 158591, 170586, 165223, 180119, 187990). 

CC-dialk}l 2‘arylimino and 2‘arylhydrazine barbituric 
acid (D. R. PP. 166266, 172979). 

CC-dialkyl mono- di-, tri-iminobarbituric acids (D. R. P. 

175.592)- 

Guanyldiethyl barbituric acid (D. R. P. 17147). 

Dialky Imalon uric acid amides (D. R. P. 174178). 

5 - Diethyl - 2 4 - diamino - 6 - oxy pyrimidine (D. R. P. 
iSoteq). 

Dieth3dmalonyl guanidine (D. R. PP. 189076, 201244). 
Ditfthylmalonic add tetraalkyl diureides (D. R. P. 
193446). 

Dialkj'lmalonyl halogenides and isourea alkjd ethers 
(D, R. P. 249907). 

Diethylmalonamide and oxalyl chloride (B. R. PJ*. 
>$54570, 22732J). 
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fise of calcium carbide as condensing agent ( 1 ). R. P. 

185963). .. 

Hydrolysis of tliiobarbitnric acids (dialky Imalonic esters 
or thiourea) (I). R. P. 182764). 

Preparation of dialky Itliiobarbituric acids ( 1 ). R, PP. 
234012, 2358^)1) 

From dialk\ liiiiinobarbituric acid (ex guanidine and 
dialkylrnalonic ester) (I). K. P. 235802). 

Monoalkylbarbituric acids (urea and monoalkylnialonic 
esters) (T). R. P. 146948). 

Ureides of dialkylacetic acid, by treating a mixture of 
dialkyl malonic acid and urea with fuming H2SO4 and 
heating the product, nreidodialkylmalonic acid. CQc qnd 
dialkylacetyl urea result ( 1 ). R. P. 144431). 

From allophanic esters or biuret and diethy Imalonic 
ester (D. R P 183857). 

Dialkylmalonlialides and allophanic esters ( 1 ). R. P. 
177694). 

From dialkylmalonuric acid amide (from cyandialkyl 
acetyl urea) (I). R. P. 174178). 

From halogen substituted iminodialkylpyriniidincs 
(D. R. 1 ’. 217946). 

From dialkylthiobarbituric acids (I). R. P. 179907). 
Disodio cyananiide as condensation medium (I). R. P. 

178035). 

F"rom dialk3 lmalonicdiaryl esters and guanidine ( 1 ). R. P. 
231887). 

Dialkylmalonamic esters by alkylation of malonamic 
esters (D. R. P. 182045). 

BROMURAL fa-Monobromoisovaler>d urea) 

CO-NH—CO-^NIIg. 223. 

Two parts of a-bromoisovaler>d bromide are intimately 
mixed with 1 part of perfectly dry, finely powdered Urea. 
The urea passes gradually into solution, the mixture attaining^ 
without th% application of external he^t, a temperature of 
about 70“. It 'is maintained at this temperature until 
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the odour of the add bromide is no longer perceptible^' for 
which ^veral hours are required. After cooling, the mass 
, is powdered and treated with sodium bicarbonate solution, 
to remove hydrobromic acid and some a-bromisovaleric 
add which is formed. The product is then dried and crystal- 
lised from toluene, from which it separates in leaflets melting 
at 149° (D. R. P. 185962). 

Colourless tasteless crystals, sparingly soluble in cold 
water, easily in ether, alcohol, and alkalis. 

Bromural is einjiloyed as a hypnotic in nerve cases, and 
is stated not to possess the harmful by-effccts of veronal. 
It is claimed that sleep is produced without the circulation 
or respiration being markedly alTected. It does not, how- 
ever, bring about the desired effects in cases of insomnia 
in which pain, cough, angina pectoris, or delirium exists. 

NEURONAL (Diethylbronioacetamide) (C2H5)2CBrCONH2 
194.— Neuronal is prepared (IX R. I>. 158220) by dissolving 
bromodiethylacetyl bromide in ether and passing in ammonia 
gas to saturation. 

(C2Hg)2CBr-COBr-f2NH3 (C2Ho)2CBr CCNH2+NH4Br 

The product is filtered off, washed with water to remove 
ammonium bromide, dried, and recrystallised from iietrolesm 
ether. 

Alternatively, the acid halide is allowed to flow, with 
cooling and stirring, into an excess of aqueous ammonia. 

A colourless crystalline compound containing 41 ^ of 
bromine. Sparingly soluble in water. 

Neuronal was introduced as a hypnotic and sedative, and 
is said to have a ver>^ rapid action and to serve well in condi- 
tions of excitement and nervous irritability. It has no 
CumrJative effect and the patient does not become habituated 
to its use, but it is said to cau.se depression. 



Sjsction II. ~N A 'r U li A L L Y 0 (J G U K li I N G 
ALKALOIDS AXJ) THEIIi DEIilVATIVES 


NoTwiTHSTANumc; the n.auy rivals, to o.orphine which 
organic clieniistry has provided of late, none has supplanted 

ftiii '■'> l)rt)bdbly 

stiU to be regarded as superior to every other drug. How- 

I!!d''th "^7 ? morphine 

and the other disadvantages of its use are .serious drawbacks 

md with the advance of knowledge of pharmacology it must 
be reprded as probable that by the combined Z of an^ 
pyretic and narcotic .synthetic drugs, morphine and its 
analogues will ullimately be replaced. 

As the methods of manufacture of the different alkaloids 

als wi ll the alkaloids m common use, with the exception 
cocaine, which is treated separately with the local 
anaesthetics m the ne.xt section. 

■^e isolation of alkaloids from jilant materials follows to 

ikdoS” W naturoTtS,: 

Othei^^re^ hydrolysis tha^y 

«artraction , while many, as for instance stryxhnine and"' 
q^j, may be boiled with water with relative impunity 
so ^t toey are extracted by less expensive methods^ 

of the procedure is to remove by means 

of a Mlvent the bases present in the plant, leaving thelkar 
stoch, protem, and pectenous matter unextracted. Hts'' 

; chlorophyll may or may not 
according to the solvent. The soKents employed a« 

^ numerous; alcohol, fusel oil. benzene, solvent napht^ 
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I 


ether, and petroleum being variously employed according 
to the •tirciunstances. If benzene, solvent naphtha, or 
petroleimi is used it is necessary to set free the bases in 
the plant by treatment with lime or alkali, since the alkaloids 
are present in combination with weak acids and are as a 



rule insoluble in this 
condition in these 
solvents. Many suit- 
able extraction plants 
for use with volatile 
.solvents have been 
designed. That illus- 
trated in Fig. 8, by the 
vStandard Chemical 
Fngincering Co., is 
economical as regards 
heat consumption and 
solvent losses. It is 
constructed on the 
l)rinciple of the well- 
known Soxhlet ex- 
traction, the solvent 
refluxing from the 
condenser into the 
material packed in the 
u])per part of the lower 
vessel. The extract 
percolates through 
into the lower half of 
this vessel, from which 
it is vaporised^to the 
condenser, leaving the 


. extract, 

solvent is next extracted with dilute acid; in some 
cases It is unnecessary first to distil away any of the solvent, 
but usually the greater part is first removed. The weak 
add extract is frequently concentrated, in ilacm before 
iieutralisatian,.and thus is obtained in vety crude form the 


HATURAUy OCCURSINC AUIAWWS 5, 

1 trkf 

c«.r.c,i„ “ 'f "'-'I ■' st.*e by 

2 ,:: 

n». b.. 


i 






~iy. 


Condenser 



^Cater 

-> 


IVa/tr 


r.G. g-Extracfon of aqueous Uquids with I.ghUoivcnts. 

but with evcty batch, and requires great skill on,r « 
and extremely careful workei 

>etrorof'n.rTi““ ^ liquid with ether 


ice 
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solveni outers at B either as a liquid or vapour and overflows 
into the still C, from which the extract is finally removed. 

MORPHINE C17H19O3N. 285.— By the assiduous work of 

many chemists the constitution of morphine has been in the 
main elucidated ; there remains, however, a cfioice to be 
made between several formulsc which explain satisfactorily 
its known reactions. Of those formulae, the two following 
are of chief importance : 

H NCH3 NClb, 

I H CH, ' j H 

‘ rm ' I ()H ' II 

OH^ / \ ciL, ' / 

, “ I 


(-)-\ ‘11 

1 1 1 
O-CH CIh> 

H OH 

C 


H OH 


Kuon's fonnula Psflioi)\ formula 

Moridiine is obtained from opium, the dried latex or 
sap of the unripe fruit of Pdpaver somm/crum, the opium 
poppy, which is cultivated in Asia Minor, Persia, India, and 
China, Twenty-five alkaloids have so far been isolated from 
opium, tlie most important, medicinally, being morphine, 
next to which comes codeine. Smyrna opium, which 
comprises the bulk of that employed for manufacturing 
purposes, contains 9-12 % of morphine, o j-i o % of 
codeine, and 4-6 % of narcotine. The recorded alkaloidal 
content of India, Persian, and Chinese opium is as follows 


Opium 

I\;r crut rtoiphuuu , 

Pt*r cent, narcolinc. 

Indian 

y2-S-(> ; 

3-I-7-1 

I’orsiiin 

t>-8 

.S-7 

Chinese 


1 


For the extraction of the alkaloids the opium is wotked 
down to a thih paste with calcium chloride solution and then 
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extoacted with wann water. By this treatment the morphine 
and other bases are converted into their respective hydro- 
chlorides, whilst the acids with which they were combined 
m the drug, such as ineconic acid, are precipitated asinsolubte 
calcium salts. The insoluble matter is separated by means 
of a filter press or suction filter, and to prevent oxidation 
sodium sulphite is added to the filtrate, which is then concen- 
trated, i>refcrably in vacuo, to the consistency of a thin 
syrup. Addition is then made of a concentrated sodium 
acetate solution, which precipitates narcoHne and papaverine. , 
These are filtered off, a small proportion of alcohol is added 
and the morphine is precipitated from the warmed filtrate 
by the careful addition of lime in presence of ammonium 
chloride or b\’ the addition of caustic .soda. It is allowed to 
stand and is removed b>- filtration . The filtrate is extracted, 
after cooling, with benzene or chloroform, whereby codeine 
IS removed. It is isolated by extraction with acid and 
regenerating and crystallising as base from water. 

riie crude morphine is freed from traces of codeine by 
waslnng it with benzepf. It is then mixed with thrice ite 
weight of boiling water and treated with the exact quantity 
^ 25 1} drochJoric acid required for neutralisation. To 

prevent atmospheric oxidation the solution is covered with 
a layer of petroleum. Monrhine hydrochloride crystallises 
out on cooling, is filtered off, rccrystallised from water tffl , 
pure, and dried at atmospheric temperature. From an 
aqueous solution of the pure hydrochloride, pure morphine 
may be obtained by precipitation with ammonia. 

^ Anhydrous rnori)hine melts at 230°. It is solubk 
m 5000 parts of water at 15°, in 500 parts at ioo“. in 
300 ^rts of cold 90 % alcohol, and in 30 parts of boiling 
CO o . t dissolves in 200 parts of chloroform and is only 
very slightly soluble in ether, ethyl acetate, or benzene. 

0-2 gram of morphine should form a clear solution in 
4 C.C. of caustic potash solution (5 % w/w). A solutioa 
“u morphine m 10 c.c. of 10 % hydrochloric acM: 

afford no. red coloration with ferric chloride solutkw ' 
^absence of meconates). 
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Treated with concentrated sulphuric acid morphine 
should dissolve to a colourless solution. 


vSAi/rs OF Morfiiink 

Morphine hydrochloride CnHinOaNHCl + 3H2O. 
375*4. — White, lustrous, silky needles. Dissolves in 24 parts 
of water, giving a neutral solution. It should contain 
75'5 % of anhydrous nioiphine. It may best be crystallised 
from water or dilute alcohol ; the presence of ammonium 
sulphite is of assistance in ])reventing coloration. 

Morphine Acetate CivHigOjN, CH3COOH-I-3H2O. 399. 
— P'or tV' prepaiation of this salt 10 ]>arts of pure powdered 
morphine are mixed with 30 parts of hot water and 7 parts 
of 30 % acetic acid. Tlie solution is filtered hot and evapo- 
rated in vai.Ho at 50*' to 20 parts. It is cooled, seeded with 
a crystal of mor])hine acetate and ke])t in a cold ]dace. 
Access of air should be prevented, by a layer oi jjetroleum 
or by other means. .Mor])hine acetate crystallises out and 
is dried at atmosplieric tem])erature, 

A light, white, crystalline ])owder. Di.ssolves in 3 jiarts 
of water to a solution which becomes perfectly clear On 
addition of a small quantity of acetic acid. To obtain the 
salt completely soluble in water it is necessary to crystallise 
it from a slight excess of acetic acid and to dry with great 
caution. 

Mor[)hine acetate should contain at least 71 % of 
morphine. 

Morphine Sulphate (CnHigOaNja. HoSO^+sHaO. 758. 
— P'orms colourless acicular crystals, soluble in 21 parts 
of w£tter. It is prepared in the same way as morphine 
liydroaiiloride and is crystallised from water in the i)resence 
of ammonium sulphite. 

Morphine Tartrate (CnHigOjN),. C^HeOc-f 3HA 774 . 
is prepared by dissolving morphine in the theoretical quantity 
of tartaric acid in water, from which it separates^ on cooling 
as a white cr>’stalline powder, soluble in 10 parts of water. 
Excess of tartdric acid must be avoided becadfee,the acid 
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tartrate which is then j^roduced is sparingly soluble and 
separates with the neutral tartrate on cooling. 

Morphine possesses the power siniultaneously to exercise 
a depressant, narcotic action on the brain and a stimulating 
action on the spinal cord. It is also analgesic, slows the 
respiration, but has little effect on the circulation. 

It is wideU empkned as an hypnotic, being usually 
administered by hyjiodeimic injection of one of its salts. 
Morphine acts more quickly than o])iuiu. and is less likely 
to disturb the digestion or to ('aiise headache and nausea. 

Codeine 


II NCII-, 
Cl I , 

II - 

0 H 
11011 


NCHt 

H 


H 

CHaO ^ . H 


JCH CHo 
C 

HOII 


Kiiorr . I'.rnrjh ^ P <( Ikui'- iurniiila, 

Cod» iiie is a inetlpl ether of morphine. It occurs in 
opium in amounts vur\ ing irom o'l % isolated 

therefrom in tin* ua\ already described Morphine). 

Much of the cod(‘inc of commerce, however, is prepared 
synthetically by the methylation of morphine. 

The following metlp lating agents have been proposed ; 

Methyl iodide {Covifyl. Rend. 92, 1140, 1228; 93, 67, 


217. 5 ht)- 

Salts of methyl .sulphuric acid ( 1 ). R. P. 39887). 
Nitrosomethyl urethane, or diazomethane, ( 1 ). K. PP. 
92789, 95644, 9f^^t45)- 

Dimethyl sulphate (D. R. P. 102634). 

Methyl pho.sphate (D. R. P. 107225). 

Methyl nitrate (D. R. P. 108075). 

/)-toluene sulphon nitrosomethyl amide (I). R. P. 224388). 
Methyl sulphite (D. R. P. 214783). 

Methyl * benz^ene (or toluene), suljihotiate (D. R. P. 
131980). 
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(1) Employing Dimethyl Sulphate (D. R. P. 102634). — 
Morphiri^f, 100 parts, is dissolved in a solution of 87 parts 
of sodium in 700 parts of methyl alcohol, and the solution 
treated with 41 6 parts of dimethyl sulphate and gently 
wanned. Sodium methyl sulphate separates, and is fli- 
ttered off. Tlie flltrate is freed from methyl alcohol by 
distillation, the residue di.ssolved in water, made alkaline 
with ammonia, and the codeine extracted with benzene, 
from the solution in whicli it is obtained, after removal of 
the bulk of the solvent, in small glistening ciy^stals. 

(2) From Nitroso Methyl Urethane . — A 33 % aqueous 
methylamine solution is reacted in the cold with methyl (or 
ethyl) cliloroformate. 


2CH0NH0 




The reaction mixture is extracted w’ith ether, and the 
extract distilled. B.p. 158®. On treatment with sodium 
nitrite and sulphuric acid, nitroso methyl urethane 


NO 


CO 


I 

/N— CH3 
\OCH3 


is formed [R. Trav. Chim. 7, 353; 9, 139), and is extracted 
with ether. 

According to D, R. P. 95644, 285 grams of morphine 
and 132 grams of nitroso methyl urethane are dissolved in 
1000 grams of methyl alcohol. With stirring, a solution of 
50 grams of KOH in 800 grams of methyl alcohol is slowly 
added. The methyl alcohol is then distilled off, aijd the 
codeij^e extracted from the residue with benzol and purified 
by recr>'stallisation. 

(3) From Diazomethane , — Diazomethane is prepared by 
l^jraimg I volume of nitroso methyl urethane with i’|5 
^pumes of a 25 % solution of KOH in methyl alcohol {Bef. 
Sy, 1888 ; 28. 856), and is evolved in the form of a yellow 
which is ab^rbed in dry ether. It can be made from 
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^-nitrophenylnitrosomethylamine NOa^~~^N— CH3, whidl 

I 

NO 

decomposes, on treatment with alkali, into diazomethane 
and sodium y)-nitrophenate. 

Morphine, i molecule, dissolved in absolute methyl 
alcohol, is allowed to flow into a cooled ethereal solution of 
diazo methane. When evolution of nitrogen has ceased, 
and the colour has disappeared, the solvent is distilled off 
^d the codeine purified. (I>. R. P. 92789.) 

N 

CnHiyOgNoH f CH2( II CnHigOoNOCHsH Nj 

N 

Codeine forms small glistening crystals ; m.p. 155°. 
Soluble in 80 parts of cold, and in 24 parts of boiling, 
water ; in 12 parts of benzene, 2 parts of cliloroform, 58 
parts of ether, and in 2 parts of 90 alcohol. 

Codeine should dissolve without colour formation in cold 
concentrated sulphuric acid. A saturated aqueous solution 
should not be coloured blue by ferric chloride, and should 
gradually afford, on acidification with hydrochloric acid 
and treatment with ferric chloride and dilute potassium 
ferricyanide, only a dirty green, but no blue, colour 
(absence of moq)hine). 

Codeine Phosphate Ci8H2i03N'H3PC)4 -I-2H2O. 433.-- 
Codeine phosphate is the nio.st soluble salt of codeine and 
is the form in which the alkaloid is most usually administered, 
ft is prepared l^y neutrali.sing codeine with the calculated 
[juantit)^ of 25 % phosphoric acid and adding 90 % alcohol 
to the solution, when the phosphate is precipitated as a white 
crystalline powder. ^ 

Codeine phosphate dissolves in 4 parts of water at ordinary 
temperature and in 200 parts of 90 % alcohol. The aqueous 
solution possesses a feebly' acid reaction to litmus. It should 
answer the tests prescribed for codeine. 

Codeine is used to stop, or lessen, glycosuria in diabetes; 
in *1116 treatment of irritant coughs ; *for abdominal 
iwarian pain, and as a mild hypnotic. 



58 ORGANIC MEDICINAL CHEMICALS 

• 

Codeine Hydrochloride Ci8H2i03N HCl’2H20, 371 ’4, 

forms « white crystalline pow der soluble in 20 parts of water. 

Codeine Sulphate (Ci8H2i(>;{N)2H2S045H2(), 678-6, 

ma\ be obtained in line needles by cr^^stallisation from water, 
in which it is vei\- soluble. It readily loses its water of 
crystallisation. 

APOMORPHINE -67. 



H 


Apoinorphine is derived from nior})hiue by abstraction 
of the elements of water. 

The best published method of preparation is still that of 
tJie discoverers ol this substance (.Matthieson c\: Wright, 
Amialcn, 1870, Suppl. 7. 170, 177), but by it very indifferent 
3'ields may be obtained 

Morphiiu', i part, is heated iiiuler jiressiire with 10 parts 
of 25 IICI for 2-y, hours at i4o'^-i5o When ^old, 
the solution is treated with a slight excess of sodium bicar- 
bonate, and extracted with etluT, benzene or chloroform, 
air being (‘xcluded. The apomorjihine is obtained, as 
li>-droehloride, when the resulting solution is agitated with 
concentrated ]i\ drochlorie acid, and the salt is purified by 
recrystallisation from water. 

Apomorphiiu' hydrochloride CnlinNOo HClIHoO, occurs 
as small white or greyish-white needle-shaped crystals, 
soluble in (x) parts of cold water rmd in 50 parts of ^Icohol, 
90 On exposure to air and light it turns green. 

The aqueous solution (i : 100) should be neutral to litmus, 
or only fainth' acid, and almost colourless. Apoinorphine 
hydrochloride is soluble in 5 parts of alcohol. It is a non- 
irritant emetic and is the most reliable drug known for this 
purjjose. It is usually administered hypoderfnically, J)ut 
may be given Jb}- the mouth also. It tak& effect promptly 
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(2 or 3 minutes) without production of much preceding 
nausea or unpleasant by-effects. It acts as a stimulaiit of 
the central nervous system, particularly of the vomiting 
centre of the medulla oblongata. 

NARCOTINE C22H2;i()7N. 413.— The mixture of nnreotine 

and papaverine precipitated by sodium acetate from the 
solution of the hydrochlorides of the mixed alkaloids from 
ojhum (see Morphine) is tieatcd with oxalic acid solution 
in sufhcieiit quantity to form the acid oxalates. Narcotine 
c^cid oxalate dis^oh'es, papaverine acid oxalate remains mostly 
undissolved and is tiltered off. The narcotine is ]mecipitated 
from the filtrate by ammonia and is purified bv recr)’stallisa- 
tion of the alkaloid from alcohol. 

Colourless needles, iii]) 176''. Insoluble in water, 
soluble in 100 parts of cold alcohol, in 170 parts of ether, 
and in 22 parts of benzene. Readily soluble in chloroform 
and in hot alcohol. Narcotine jiossesses no narcotic 
jiroperties , it is little used in medicine, but is sometimes 
given as a substitute for ({uinine, as an antijicriodic in ague. 

It is eiiqiloyed for the preparation of votarmne, which 
it affords on oxidation. 

COTARNINE Ci2llir/>4N 234. 

CHn I j CII.-NH~CTl3 

y Clio 
OCH;, 

Cotaniine is o]:>tained by oxidising narcotine with nitric 
acid, opianic acid being jiroduced at the same time (Ander- 
son, A }in. 86. 187(1853)). ( )ne part of narcotine is dissolved 

in 8 pa<ts of water and 2*8 parts of nitric acid (sp.gr. j‘4) 
and the mixture warmed to 44". When nitrous fumes have 
ceased to be e\a)lved, the solution is cooled and tiltered ; 
the cotamine is precij>itated by the addition of caustic alkali 
solution, and purified by recry’stallisation from benzene, 
or by conversion into the hydrochloride. {Anri. 86 , 187.) 

Small needles, m.p. 132"', readily sohiblc in alcohol or 
ether, sparingly soluble in water. 
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Cotarnine Hydrochloride C12H14O3NCI + 2H2O, is 
employed in medicine under the name “St>-pticine.” 

A pale yellow, crystalline powder, soluble in water and 
alcohol. It 1.S used as an internal styptic, principally for 
arresting uterine hccmorrhage. It acts directly on the 
uterus, causing contraction. ‘ 

Cotarnine Phthalate, emiiloyed for the same purpose 
IS known as “ Styptol.” 

HYDRASTINE C,,H,, 0 „N. 383. 

CH CHs 

O-Cf 

CH,.; ■ I ’ 

' O-cl ,.c\ /N’CH, 

CH CH 

I 

CH— O 

I 

C 

HC '\C-C(.) 

i 

HCl^^COCHa 

COCH3 

Hydrastme is prepared from the root of Hydrastis 
Canadensts, or Holden Seal, a jdant which is indigenous to 
North America and is to a small extent cultivated there.,, 
Ine dried rhizomes and rootlets contain 2 5 to 4 0 % j#! 
hydr^tme, 3-4% of berberine, and a small quantity V . 
canadme. The powdered root is extracted exhaustively 
OTth hot water, acidified with aadic acid, or with a'ioohol. 
he extract is evaporated in vacuo to a thin syfup. TWo 
o three volumes of 20 % sulphuric acid are addrf, wlien 
crystalline berberine acid sulphate separates. The crude 
** filtered of! and dissolved in the minimum^antitv 
of boiling water ; the hot solution is mixed with an equal] 
volume of alcohol, and concentrated sulphuric acid to S 
amount of i/soth the volume of the solution is 
Berberine acid sulphate CjoHnOiNH-SO/ ciys^^P 
out and is tytered off. The filtrates from the 
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sulphate are freed from alcohol and made alkatoe with 
ammonia, when hydrastine is precipitated. This is filtered 
off and purified by crystallisation, first from ethyl acetate 
and then from a mi.yture of chloroform and alcohol. The 
alkaloid when pure melts at 133° and is colourless , a 
yellow colour usually indicates the presence of canadine or 
berberine, but the last trace of colour can only be removed 
by repeated puritication. 

An alternative method of removing berberine is to dissolve 
the alkaloidin ether or toluene, filter off the insoluble berberine 
and subsequently to extract the base from the solvent with 

dilute acid. ^ 

Hydrastine acid oxalate and hydrastine acid tartrate 

may be recrystalliscd from hot water, and being but sparingly 
soluble in cold water they may usefully be employed in 
alternative methods of purification, especially for the 
removal of canadine, which is apt to remain associated with 
hydrastine. 

Hydrastine Hydrochloride C 2 iH 2 i 06 N'HCl, 419 4 > 
prepared by passing drv hydrocliloric acid gas into an 
ethereal solution of the base, or by drying down an alcoholic 
solution of the salt obtained by neutralisation. 

Hydrastine hydrocliloride is a white or very pde yeUow 
hygroscopic crystalline powder, melting at 116 , readily 
f soluble in water, alcohol and in chloroform. 

Hydrastine is poisonous in large doses. It resembles 
strychnine in increasing reflex irritability. If injected it 
causes contraction of the uterus, and has been used as an 
ecbolic to induce premature labour. See, Her. (1886), I9, 
2798; C. (SD. (1901), 59, 152: Aech.Pharm. (1888), 226, 329. ■ 

HY9RASTININE CnHijOaN. 207. 

CH CHO 

o-c^"'c/nh-ch, 

II 1 

^C, /CH2 

CH CHj ,v 

.Hydrasflnine docs not occur naturally, but is prepared; 
by the oxidation of hydrastine, or from nar^otine through: 
cotamine. 


ch2<; 

o— c' 
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From Hydrasiine.-~Hy^xd^sCmm^ is obtained from hydras- 
tine follows (Ber. (1887), 20, 88) 10 parts of hydrastine 
are heated with a mixture of 25 parts of water and 50 parts 
by vol. of nitric acid (sp gr. 1-3), at 5o'’-6o'', until a test- 
portion no longer gives a precipitate when treated with 
ammonia. The solution is then cooled, made slightly 
alkaline with caustic alkali, the hydrastinine extracted with 
('liloroform or witli ether, and the solvent removed. The 
bas<; is then recry stallised fiom light petroleum and ether. 

The hydrochloride is pre])ared b}' neutralising au 
alcoholic solution ot tin* base with h\ drocliloric acid and 
may be crystallised from alcohol. 

% L}om Non of me - Cotarnine is iirst pre])a!ed (see method 
given on page 5<)) and is reduced to h> drocol amine by 
adding sodium amalgam to a solution ol the base in dilute 
hydrochloric acid. The reaction jirocceds almost quanti- 
tatively 24, 2734). 


CIU 

CiL, NCH3 

t)V\/CH2 
CHg 

HYDROHYDRASTININE is piepared from In drocotamme 
according to the method of Pyrnaii and Remfry {Trans, 
J. Chem. Soc. loi. 1601) 120 parts of crude hydrocotamine 
are dissolved in 450 volumes of dry fusel oil (b.p. 
122^-132 ). To one-third of the solution, heated to tioilhig, 
are added 180 parts of sodium. When this has melted the 
remainder of the solution is added in the course of 20 minutes, 
when the tempeiature rises to i55‘^-i6o'‘. Dry fusel oil, 
2500 parts, is run in, in a constant stream, in the course of 
100 minutes, bv which time nearlv all the sodium has 
dissolved. The solution is then cooled,^ separated fitmi 
unchanged soc^ium, and washed with dilute caustic soda to 


CTL. 


0 ^ -CHO 


NlfCil, 


' ai, 

(.ot.iniJiii 

CH^O Clio 

6/\ NCHo 


CHo 




, CHo 
Cl I,. 

llvilroc L.iiiulu . 
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remove phenolic bases. The hj^drocotamiiie is then extracted 
with hydrochloric acid, the acid solution made alkaline and 
shaken out with chloroform. After removal of the solvent 
the residue is dissolved in 300 parts of alcohol and the solution 
made slightly acid by addition of 30 % in’drobromic acid. 
On standing, 05-70 parts of hydroh\ drastinine hydrobromide 
cr>’Stalhse out. 

Hydrohydrastininc is then treated in dilute sulphuric 
acid solution with a solution of potassium bichromate and 
thus oxidised to hy drastinine [Her. {1887). 20, 2403). 

Another s)nthesis of hy drastinine is described by Decker 
(D R. r. 234850). Homopiperonylamine is converted to 
its formyl derivative which, when heated with phosphoric 
oxide, yields 6 . y-metliyUaiedioxy-j . 4-dihydro i^o quinoline. 
The latter oiitreatiiieiitwith methyl iodide gives hy drastinine. 

Methyleiiedioxy - <*» -nitrost \ rol CH2 | 

a condensation product of j)ijK‘ronal and nitromethane, 
75 parts, is dissolved in a mixture of 300 parts of alcohol 
and 300 ])arts of acetic ^acid. Zinc dust, 150 parts, is 
gradually added, and after reduction is comjJete the zinc is 
hiteted off. The filtrate is treated with a further (juantity, 600 
parts, of a mixture of eijual volumes of alcohol and acetic 
acid, and then, gradually, with 1800 parts of 4 % sodium 
amalgam. After cooling, 800 parts of water are added, 
and unchanged homopiperonal-oxime allowed to cry.stallise 
out. The filtrate from this is made alkaline with caustic soda 
and the base (liomopijieronylamine) extracted with a solvent 
and distilled. B.p. 145'^ at 17 mm. (D. R. P. 245523). 

From this is prepared formyl homoj)iperonylamine 
(Bet, 4^ 2752) by heating the formate at 160 '- 170'". . 

To obtain hydra,stininc, 10 j>arts of fornn l homopiperonyl* 
amine are dissolved in 70 parts of toluol and boiled with 
15 parts of phosphorus pentoxide. The resulting insoluble 
CH 
"N 

product, CHf is filtered qIT, dissolved in, 40 

CH2 


)j^CH ^ CHNOj, 


t 
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parts of xylene and boiled with 8 parts of dimethyl sulphate, . 
On cg9ling, hydrastinine methyl sulphate separates. (D. R. P. 

234850.) 

A further partial synthesis has been effected, employ- 
ing berberine as the initial material (D. R. P. 241136). 
Benzyldihydroberberine, prepared (D. R. P.'i792i2) from 
berberine chloride and benzyl magnesium bromide, 50 parts, 
is dissolved in 300 volumes of alcohol and 350 volumes of 
concentrated hydrochloric acid. The solution is boiled, and 
treated with 150- 200 parts of tinfoil. Heating is continued 
for 5-10 hours, whereupon the tin double salt of the resulting 
base, benzyltetraliydroberberine, separates. This is filtered 
off ^id digested with ammonium sulphide solution in excess. 
The undissolved base is filtered off, dried, and extracted 
with chloroform. (M.p. ib3"'-i65‘^.) 

Bcnz}'ltetrahydroberberine, 100 parts, is heated with 
100 volumes of methyl iodide, for 4-5 hours at 100®. The 
methiodide which results is washed with alcohol, added 
(60 parts) to 200 volumes of 50 % alcohol in which 40 parts 
of freslily precipitated silver oxide are suspended. After 
digestion at 50° for a half-hour th^ silver iodide is filtered off, 
the solution concentrated till an oil separates, treated with 
35 parts of "stick’' potash, and boiled for some time. 
After cooling, the crystalline product is filtered off, washed 
with cold alcohol and recrjstallised from this solvent. 
(M.p. I2I®-I22®.) 

The base (2 parts) is diSvSolved in 4 volimies of glacial 
acjetic acid which has been distilled over sodium bichpraate, 
and a solution of 1-5 parts of this salt in 15 volumes of 50 % 
acetic acid added at once. The mixture is kept at 90° for 
Z hours, or until completely green. After addition of a 
little alcohol to complete reduction of the bichromate, water 
is added, and sodium carbonate until alkaline. A reddish 
gum separates and is removed. On heatii^, chromium ■ 
oxide is precipitated, and is filtered off. The filtrate is made 
strongly alkaline with caustic soda and the hydrastinine 
extracted with ether, from which it is subsequently obtained 
by evaporation. The yield is said to be 78 %. 
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Hydrastinine fonns white crj stals (m.p. iiy^ which are 
readily soluble in alcohol, ether, benzene and light petrdleuhi ; 
they dissolve in water to form an alkaline solution which 
is fluorescent. 

Hydiastinine h\’drochloride is the salt emplo)red m 
medicine, and forms faintly yellow needles readily soluble 
in water and showing a blue Iluotescence in dilute solution. 

It exerts a powerful action on the uterus, causing rhythmic 
contraction, and for this purpose is to be regarded as of 
^greater value than hydrastiiie. 

EMETINE C 2 <)H 4 o 04 N 2 . 480. — The chief source of 
emetine is the root of Psychotria Ipecacuanha, a plant 
indigenous to vSouth America and cultivated in Selangor, 
Federated Mala>' States. The root from the latter 
source is known as “Johore" ipecacuanha; that from 
Brazil is marketed under the names of "Rio," " Matto 
Grosso," or " xMinas," whilst from Colombia is derived 
another species of ipecacuanha, Psychotria acuminaia, 
the root of which is commonly sold as Carthagena ipecac* 
uanha. Brazilian and J^hore roots contain up to 2*5 % 
of total alkaloids, in the ratio, approximately, of emetine 
72,.ceph£ehne 26, and psychotrine 2; whilst Carthagena 
ipecacuanlia contains up to 2 0 % of alkaloid in the 
proportion— emetine 40, cepha?line 57, and psychotrine 3. 
Two other alkaloids have been found m ipecacuanha, emeta- 
mine and psychotrine O-methylether. 

For the preparation of emetine the Brazihan or Johore 
root is preferably employed. The drug is thoroughly 
powdered and extracted with hot alcohol. The later stages 
of the extraction proceed only slowly and may be accelerated 
by a v^ry cautious addition of alkali. When the rootHbias 
b^ exhausted, the combined alcoholic extracts are acidified 
wi^ hydrochloric acid, and the alcohol distilled off. The 
lesidue is diluted with water, filtered from fat, etc., and made 
alkaline with ammonia ; the alkaloids are then extracted with 
^OTolorm or ether. Before the removal of the solvent the 
«3Ctract is f/eed from cephaeline by treatment with caustic > 
s^a solutiou, in which it is soluble. The rem|Lining 
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is extracted with hydrobrornic acid and purified by recry stal- 
lisatiofi'in the form of hydrobroinide and as hydrochloride 
from w ater. Emetine base cannot be crystallised ; it is 
readily soluble in alcohol, ether, acetone and chloroform, 
less so in benzene or petroleimi. When dry the amorphous 
base melts at 74"". 

Emetine Hydrobromide C29H4o04N2-2HBr +4H2O, 
714, crystallises in long slender needles sparingly soluble in 
water and less soluble in dilute hydrobrornic acid. It has 
not a characteristic melting point, but fuses between 245° 
and 265''. 

^ Emetine Hydrochloride CodH^oOiNo ^IICI ^HoC), 679, 
crystedlises in \\hite powdery needles, soluble in 8 parts 
of water at j 8", less soluble in the presence of free hydro- 
chloric acid. Soluble in alcohol and chloroform It has 
not a charactetistic melting ])oint, but melts between 235° 
and 255''. 

Preparation of Emetine from Cr’/>//cr/f//e — Cephadine not 
being of use in medicine, may be utilised for the preparation 
of a further quantity of emetine by the process of methylation. 
The ceplueline is recovered as iilkaloid from the caustic 
soda solution which results from the ])urirication of emetine 
as described above. For this j)uq)osc sodium bicarbonate 
is added and the mixture extracted with chloroform. The 
residue, after removing chloroform by distillation, is dissolved ‘ 
in hydrochloric acid, 5 %, and allowed to cry^stallise ; the 
cephaeline hydrochloride is then liltered off and converted 
to base with sodium carbonate and extracted with cliloro* 
form. The dried chloroform extract is dissolved (Fig. 10), 
in a solution of its w^eight of sodium in 10 times its 
weight of dry fusel oil (boiling at 130^-140*"), j^„ths itf, weight 
of anhydrous sodium metln l sulphate is then added and the 
mixture boiled under a reflux condei^r for two hours. By 
extracting the fusel oil with dilute hydrochloric add. emetine 
and unchanged cephceline are obtained as hydrochlorides 
and are separated as described above. (J. Chm. Soc., 1913 , 
1620.) (Eng. Pats'. 14677 and 17483.) " 

The methylation of cepha'line may also be conveniently 
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effected by the use of nascent di;uo-niethane (D ,R P 
298678). V • 

Emetine has a .strong local constricting effect uj)on blood 



Fig. 10.— Keactiun vesbtl for aikylatjon. 

vessels and powerftil irritant action when taken internally, 
promotmg copious salivary secretion and vorftiting. It is 
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employed as expectorant and emetic. It has a wider 
application in the treatment of amoebic dysentery, for which 
purpose the hydrobromide or hydrochloride may be injected 
hypodermically, or the insoluble double bismuth iodide 
may be administered internally. ^ , 

HYOSCYAMINE AND ATROPINE C17H23O3N. 289. 

CH2— CH CHg 


N~CH3 


CH— O-CO-CH 


/CH2OH 


CH2-CH CH2 


* ./\tropine is the optically inactive mixture of dextro- and 
hevo-hyoscyamine, Laevo-hyoscyamine alone occurs in 
nature. The best source of hyoscy amine is a variety of 
henbane indigenous in Egypt, Soudan and India, known as 
Hyoscyamus muticus, in the various parts of which it has 
been shown to be present in the following proportions: 
leaves i‘4 % ; stems 0'6 % ; seeds 0*87-1 34 %. Atropine 
is also manufactured from the root of Scopolia caniiolica, 
in which h>'Oscy amine is present to the extent of 0 ’43-0 51 % ; 
and from Atropa belladonna, the leaves of which contain, 
on the average, 04 %, and the roots 0*5 %, of hyoscy amine. , 
Many otlier solanaceous plants of the Datura species contain 
these alkaloids, in var>dng, and smaller, amounts, often 
associated with hyoscine or scopolamine. 

The drug should be dried iminediatelj' after collection 
and should be extracted as soon as possible, as the alkaloid 
content gradually diminishes on keeping. 

For the manufacture of atropine and hyoscyamine the 
drug is powdered and extracted, in a copper extractor, by 
percolation with hot alcohol (S.V.M.), until free from«dlkaloid. 
The alcohol is removed from the extract by distillation, 
preferaSly under somewhat diminished pressure, and the 
syrupy extract is allowed to flow , in a thin stream, and with 
good stirring, into ver>’ dilute (0 5-1 0 %) acid, hydrochloric 
or sulphuric. The aqueous portion is separated from undi^ ;; 
solved resinous matter, etc., and is furtherifreed from impurity ' 
by being shLken out with petrol. It is then made neutral 
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or faintly alkaline, by addition of ammonia solution, aii^ iset f- 
aside for a time, when a quantity of resinous maJbrim i$ 
precipitated and removed. An excess of ammonia is then 
added, whereby the alkaloids are precipitated. They ait 
extracted by shaking out with cliloroform, and are finally 
freed from resinous and other impurity by being dissolved 
out of the chloroform extract with dilute acid, reprecipitated 
with ammonia, and again extracted into chloroform. The 
solvent is removed by distillation ; and the treatment of the 
^ mixed alkaloids, consisting mainly of /-hyoscyamine, with a 
little atropine, and possibly hyoscine, varies as hyoscyambie 
or atropine is required. 

The alkaloid is converted by neutralisation with the 
required quantit}' of oxalic acid into the oxalate (B)2H2C204 
{see Trans. Chem. Soc. (1912), lOl, 946). 

This is recr>^stallised from water until it has the melting 
point of pure /-hyoscyamme oxalate (176^^). The base is 
then obtained by dissolving the oxalate in water, making 
alkaline with ammonia and extracting with chloroform. 
Alter removing the solvent, the neutral sulphate is prepared 
and crystallised from alcohol or moist acetone. 

, Lae VO -Hyoscyamine Sulphate 

(Ci7H2303N)2H2S04+2H20. 712. 

White, slender, hygroscopic needles. M.p. 206'^, [ajo— 21®. 
Dissolves in 0*5 part of water and in 4 5 parts of 90 % 
alcohol ; very slightly soluble in chloroform. The aqueous 
solution is neutral in reaction, and should afford no precipi- 
tate with platinic chloride solution (absence of foreign 
alkaloids). Hyosc>'amine sulphate should give no colour 
with concentrated sulphuric acid. 

Atropine Sulphate (Ci7H2808N)2-H2S04. 676.— The 
crude alkaloid, together with that regenerated from the 
mother liquors after the removal of /-hyoscy^amine oxalate, 
is racemised by dissolving 52 parts in 520 volumes of 
95 % alcohol containing 416 parts of sodium hydroidde 
{he. cit.). The solution is allowed to stand, at room tempeStf 
ature, until it Shows no optical activity, after whjfdt , 
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is neutralised with oxalic acid, the alcohol is removed, and 
the ox^ajate recrystallised from water until a melting point 
of I()6°-I()7" is obtained. From this the base is regenerated 
and converted into the suJ])hate, as described above in the 
case of hyoscy amine. 

Atro])ine sniphate is a white cryslalline powder. M.p. 
194''. It dissolves in 0*4 part of w'ater, and in 4 parts of 
90 % alcoliol. The aqueous solution is neutral in reaction, 
and should be optically inactive. 

No colour should be imparted by the salt to sulphuric 
acid. 

Three cubic centimetres of a i in 60 solution should yield 
nor pr^cii)itate when mixed with i c.c. of ammonia solution 
(10 %). 

Atropine CnlloatlgN, 289, is prepared by regenerating 
the base from the pure oxalate and crystallising from 
aqueous alcohol. 

Atropine crystallises in colourless acicular crystals. 
M.p. HAS'". It dissolves in 450 parts of water at 25° and 
in 87 parts at 80° ; in 3 ])arts of 90 alcohol and in 
I part of cliloroform. It should be optically inactive and 
no colour should be developed on treatment with sulphuric 
acid. 

Atropine and /-hyoscyamine are enqdoyed chiefly to 
dilate the pupil of the e\ e and paralyse the accommodation. 
The former effect is due to paralysis of the motor nerve 
terminations in the circular muscle of the iris ; the latter by 
the action of the alkaloid on tlie nerve endings in the ciliary 
muscle. The two alkaloids have qualitatively the same 
action, but pure /-hyoscyamine has about fifty times the 
mydriatic power of atropine. ^ 

Atrojiine is frequently administered hypodermically 
wdth morphine, to counteract the imdesirable effects of the 
latter. It is given hypodermically also, to diminish the 
sweating of phthisis, in spasmodic asthma, narcotic poison- 
ing, etc. 

Hyoscyamine is generally used in the form of its hydip- 
bromide or sulphate. * 
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HYOSCINE OR SCOPOLAMINE C,7H2i04N. 303. 


^2^?\CH-CO-OCHCII CHj 

LdHc/ I I 

N-CHj CH 

I 

CH-CII-Cllii 


O 


Kiiii: 


ClIjOH , ^jj )-.oCH-CH— CH, 

I I 

NCHsCH, 

'''■ CH-dH--CH 


Nat urall}’ occurring liyosciiie is a conibiiiatioii of Isevo- 
tro])ic acid with inactive oscine. It is found, mostly in 
conjunction with hyoscyamine, in many species of Datura. 
In />. arhorca, D. JaUuosa, and D. mctcl, the alkaloid consists 
chiefly of hyoscine ; \vhilst D. stramonium contains ])rinci- 
pally liyoscy amine, with some hyoscine. It is present also 
ill Scopoha and Hyoscyamus species, for instance in Scopolia 
japonica and Hyoscyamus niy^cr. 

Datura mctcl i.'^ probably the most readily available 
source of hyoscine. The ])owdered diug is extracted 
with hot alcohol and the crude alkaloids are isolated in 
tho same way as has been described under hyoscyamine, 
excc])! that sodium bicarbonate is employed, instead 
of ammonia, for liberating the bases. The alkaloid is 
neutralised exactly with hydrobromic acid and the solution 
of the hydrobromide concentrated. The .salt which 
crystallises out on cooling is S€*parated and purified 
by recr}'stallisation from water, until of constant melting 
point. 

Hyoscine Hydrobromide Ci7H2i04NHBr—3H20. 438. 
—Colo^ less transparent crystals, which dissolve in 4 pmrts 
of water and in 14 parts of 90 % alcohol. H> oscine hydro- 
biomide loses 12*3 % of moisture at 100^. 

The pure laevo- hydrobromide melts, w'hen anhydrous, 
at 193° and has a specific rotation of [oj^ — 227"^ (for the 
hydrated s^t). The commercial product is often mixed 
with inactive h^ yscine (m.p. 181°) and has a lower melting 
point and rotation. > 
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The aqueous solution should be neutral in reaction to 
litmusfbut is frequentl}' slightly acid. 

The salt should afford only a faint yellow colour with 
sulphuric acid. Hyoscinc is a valuable hypnotic and 
sedative, employed in treatment of all fonqs of violent 
mania and cerebral excitement. In conjunction with 
moriDhine it is administered hypodermically as an anaesthetic 
prior to an operation. Very little cliloroform is required. 
This treatment is becoming extensively employed in child- 
birth, and is known as “ Twilight Sleep." 

Hyoscine also produces mydria.sis and paralysis of 
accommodation ; the effect is obtained more quickly' than 
with h\'0scyamine or atropine but is not so lasting. 

HOMATROPINE (Mandelyl tropeine) CicH.iOgN. 275. 

CHg 

I I 

: NCHj CHOCOCH(OH)CeH5 

! I ! 

CHj-CH CHj 

Homatropinc is prepared by condensing together mandelic 
acid and tropine. Tropine is obtained by boiling crude 
atropine or hyoscyamine sulphate for some hours with an 
excess of dilute sulphuric or hydrochloric acid or of baryta. 

The solution is neutralised, concentrated, and made 
alkaline by addition of caustic soda, and the base is then 
shaken out with chloroform and purified by distillation 
under diminished pressure. B.p. 141'' at 3-5 mm. 

Fig. II illustrates the type of oil- jacketed vacuum still 
suited for this operation ; the twin receiver is utilised for 
separating the fractions. The condenser water must be 
kepi at 65° to prevent solidification of the tropine. ^ 

The condensation is carried out as follows (sec D. R. P. 
95853, ^0 Trans. Chem. Soc., 95, 1020). 

One molecular equivalent of tropine, I4'2 parts, is mixed 
with an equivalent of mandelic acid, 13 '6 parts, and the 
puxture heated at 130® in a stream of di;^" hydrogen 
boride, for 7 hours. The product is treated with ammohia 
iiid the base ^extracted with chloroform. It is extracted 
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from this solution with hydrobromic acid, and the neutndi 
solution of the hydrobromide is concentrated and lllowed 
to cr>'stallise. The se])arated crystals are purified by recry*^ 
stallisation from water or alcohol. The base, regenerate 



Fig. II. — Vacuum Still, oil-jacketed. 


from the purified hydrobromide and crystallised froffl 
alcohol, melts at 96®. 

^ Homatropine Hydrobromide CigHjiOsNHBr. 556, 
-T^mall colourless rhombic prisms. M.p. 214**. Soluble 
iu b parts of water, and in 18 parts of 90 % aJbohol. 
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The solutions are neutral to litmus. A 2 % solution 
should* yield no precipitate on the cautious addition of 5 % 
ammonia solution. Homatroj)ine docs not give the Vitali 
reaction o i gram of the salt is added to 5 dro})s of nitric 
acid and evaporated to dryness in a porcelain di,sh, when the 
residue should not be coloured violet ujmn the addition of 
a drop of alcoholic potash solution (absence of atropine, etc.). 

Honiatro])ine is emj)lo>ed as a mydriatic. It dilates 
the pupil more raj)idly than atropine, and the effects disap- 
])ear in about a quarter of the time. It is also less toxic , 
than atropine. 


The Aek.^eoids of Cinchona Bakk 

From the various species of cinchona bark which have 
been investigated, more than twenty alkaloids have been 
isolated, of vhich ([uinine, quinidine, cinchonidine, and 
cinchonine are medicinally the most inqmrtant The variety 
of cinchona ollicial in the Ikitish Idiannacopceia is Cinchona 
^Hcciruhra, a “ red ” cinchona bark, which is cidtivated in 
Java and India. I'or the manufacture of quinine a^id 
associated alkaloids, however, bark from the s])ecies C. 
Icdgcriana and h> brids of this with (h sitccirubra are mainly 
employed, the.se containing higJier percentages of alkaloid, 
of w'hich a larger ])roportion is quinine. 

From figures given in the yearly report of the Dutch 
Govemnient Cinchona Undertakings, 1904, the average 
quantities of quinine, cinchonidine, and cinchonine plui|. 
amorphous alkaloids contained in the various species c^ti- ** 
vated in J ava are as follow^s : — , 


Specie:^ 


C. ledgoriana 
Hybrid of C. Icdgcnaiia 
and C Slice I rubra 
C. succirubra 


Ouiiiine. 

Cmchoiiidmc. 

CsKiwaine + amor- 
fdioas alkaloids. 

Iter Cfnt i 

per cent. 

per cent. 

7 

0‘5 

125 

5'5 1 

0-3 

*28 

lO 

i‘5 • 

3'4 



^ NATURALLY OCCURRING ALKALOIDS 75 

riie bulk of the world’s quinine sup])ly is derived from 
Java cinchona, tliough an important quant it}' is now #nanu- 
facturcd, under Goveniinent auspices, in India. 

QUININE CooH24()2N2. 324. — The method of manufacture 
of quinine is ^as follows : 

1 he bark is sun dried, ])Owdered, and ground up with 
30 % of its weiglit of sifted slaked lime and 90 of a 5 % 
caustic soda solution. The mixture is extracted in steam- 



heated rotating ball mills (Fig. 12), or some other t}'pc of 
vessel ^vovided with powerful stirrers, with hot, high boiling 
petroleum, which dissolves out the alkaloid.^ The selection 
of a suitable petroleum oil possessing good solvent properties 
is a matter of importance. After several hours the mechanism 
is stopped and the oil solution separated as completely as 
possible by decantation. It is replaced by a further quantity, 
thre;^ extractions ^ing made in all. The combined extracts 
are agitated in a lead-coated washer (Fig. 13)^ at 90°~ioo®, 
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sufficient 

m quantity to form the neutral sulphates. The oil is sena- 
rated whilst the solution is hot, and is used for extractL 
further quantities of bark. From the aqueous sdution 
fter ac justmg the acidity, quinine sulphate crystallises out 

rate^u?' being^^ecrys^allise^rom 

entlv ’ . ^ .‘^barcoal as a decolouriser, until suffid- 

£aiH n?"- "'"^bonidine and 'cinchonine. Quinine 
volumet 1 <J«solving the sulphate in 30-40 

sdution to flow, with stirring, into a slight excess of dilute 
sodium carbonate or ammonia. The amonihous precipitate 



Fig. i3.--Leacl-coatcd washer. 

°dir.'"? ““ ''»» »«»■” » »«».onium 

aue^'fl T : . ^ centrifugal machine, and subse- 

q^enUy m a dark drying room at a temperature not exceeding 

10 ^ granular powder containing abot 

./o water. When anhydrous it melts at I7S° It 

^anngly soluble in water (i in 1700 at 15° and iln'goo i 

ont h ■ soluble in ammonia solution ai 

soluble m fixed alkali solutions than in water. It is ■ 

(I in I) m ether. The anhydrous base dissolves in 
benlen^’ *" chloroform, and in 200 

Quinine Sulphate (Cr*Hr 40 jNj.)i,H,S 04 + 7 jHi 
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—The neutral sulphate is the most extensively used salt of' 
quinine. It is commonly sold in the form of light, colourless, 
silk>^ needle-shaped crj^stals, which effloresce in dry air ; but 
a denser form is occasionally required consisting of larger 
crystals. Both forms readily lose part of their water of 
crystallisation if exposed to the air. 

Quinine sulphate ^dissolves in 800 parts of water at 15°, 
in 25 parts at 100° ; in 6 parts of boiling, and in 100 
parts of cold, 90 % alcohol. It is required to comply w^th 
•the following tests for freedom from cinchonidine and^ 
cinchonine. 

Ether test : Dissolve 4 grams of the quinine sulphate in 
120 c.c. of boiling water. Cool the solution slowly t8 50"^, 
with frequent stirring. vSeparate by filtration the purified 
quinine sulphate which has crystallised out. Evaporate 
the filtrate to 10 c.c., and when cool add 5 c.c. of solution of 
ammonia (sp.gr. 0-959) and 10 c.c. of pure ether, and shake. 
Set aside in a cool place for 24 hours. Collect the crystals, 
which consist of cinchonidine and cinchonine together with 
some quinine, on a tared iilter, wash with a little dry ether, 
dry at 100° and weigh. The weight should be not more 
than O' 12 gram. 

Antifionia test : Two grams of quinine sulphate, dried at 
'50® for 2 hours, are mixed with 20 c.c. of water, kept with 
occasional agitation at 6o°-65° during 30 minutes, then cooled 
to 15° and kept at this temperature for 2 hours with 
occasional agitation. It is then filtered and 5 c.c. of the| 
filtrate measured into a dry test tube. According to the 
United States Pharmacopoeia, 7 c.c. of ammonia (0-958 at 
25°) added all at once should produce a clear solution, whilst^ 
the rman Pharmacopoeia stipulates^ that a clear soliiti<«l' 
should be produced by 4 c.c. of ammonia of the same strength* 

The other most generally used salts of quinine are : 

Quinine bisulphate C2oH2402N2H2S04-f-7H20. 548. 

Quinine hydrochloride C20H24O2N2HCH-2H2O. 396*4. 

Quinine^bihydrochloride C20H24O2N22HCI-I-3H2O. 451. 

Quinine* hydjobromide CsoH2402N2HBr-f-H20. 423. 

Quinine phosphate (C2oH2402N2)2H3p04-^8H20. 890* 
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All these salts are readily prepared by dissolving quinine 
in t\h respective acids, and may be crystallised from 
water. 

Quinine is administered most frequently as a prophylactic 
against malaria and as a cure for this disease, against which it 
has for long been regarded as a specific. ^ It possesses anti- 
pyretic properties, apparently by direct action on the tissues, 
and finds much application in general medicine on this 
account. In small doses it acts as a bitter stomachic and 
tonic, causing increased secretion of gastric juice in the* 
alimentary canal, with consequent impioved appetite and 
digestion, h'or this purpose it is often prescribed in the 
form^of a double compound with iron— iron and quinine 
citrate. 

CINCHONlDINECiglKoONo. 204.~Cinchonidine, together 
with some quinine, cinclionine. and other alkaloids, 
remains in the liquors from which quinine sulphate has 
ciy’Stalliscd. The alkaloids are jirecipitated by addition of 
alkali, dried, and extracted rejieatedly with small (plan- 
titles of ether or chloroform, by which treatment cinchoni> 
dine, quinidine, and quinine are dissolved out, leaving 
behind the more s])aringly soluble cinchonine. The solution 
is agitated with hydrochloric acid and the alkaloids con- 
verted into their neutral hydrochlorides The aqueous 
solution of these is treated with sodium potassium tartrate 
solution, whereby the cinchonidiiie is precipitated, mixed 
with a little quinine, as tartrate. This is separated, treated 
with aqueous alkali, and the base filtered off and dried in 
vacuo at It is then washed with absolute ether 

until it no longer affords a green colourarion when treated 
with chlorine water and ammonia solution {thall^oquin 
reaction) and is purified finally b>' recrystallisation from 
alcohol. 

Cinchonidine forms colourless leaflets, or prisms. M.p. 
2 o 6'5°. It dissolves in i88 parts of ether (sp.gr. 0720), in 
16 3 parts of 97 % alcohol, and in 300 parts of 59 % alcohol. 
It is very' slightly soluble in water; dissolves readily ‘in 
chloroform. 4 is not fluorescent in dilute sulphuric acid. 
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The salts of ciuchonidine most commonly cmp^^yed are 
cinchonidine hydrobromide (CioHoaONg-HBr+H.Ojf 393 ; 
cinchonidine acid hydrobromide (CioH220N22HBr4-2HoO)! 
492 ; and cinchonidine sulphate ((C,9H220No*)2HovS043H20)i 

740. . 

Cinchonidine is used as a substitute for (quinine, having a 
similar, though weaker, action. 

CINCHONINE C1QH22ON2. 294. — This alkaloid occurs in 
most species of cinchona. 

, The crude cinchonine, which remains undissolved on 
treating with ether or chloroform the alkaloids precipitated 
from the quinine sulphate mother liquors {see Cinchonidine), 
is recrystallised Irom alcohol, adding charcoal to decolOlirise 
the solution. 

Cinchonine forms rhombic ])risms. M.p. 264^, [a\v^- 22 (f 
in dr} alcohol. It is very sparingly soluble in water, dis- 
solves in 370 parts ol ether (s]>.gr. o 730), in 280 parts of 
chloroform, in 126 parts ol alcohol (sp.gr. 0’852) at 20^ 

Cinchonine docs not give the thalleioquin reaction and 
is not fluorescent 111 dilute^suljihuric acid solution. The fact 
tha^ It is very sparingl>' soluble in ether and forms a sparingly 
soluble hydriodide distinguishes it from quinine. 

Cinchonine sulphate (Ci9H22C)N2)2H2vS04 -f 2H20, 722, is 
employed in medicine as a substitute for quinine, to which 
it is preferred by some, but it is much weaker in its action. 
The dehydrated salts are soluble in chloroform (80 parts), 
(distinction from quinine and quinidine sulphates). 

QUINIDINE C20H21O2N2. 324.— Quinidine is isomeric 

with quinine, with which it is associated in various stiecics 
of cinchona. Quinidine remains dissolved in the liquors 
from ^Inch ciuchonidine tartrate has been precipitated 
[see Cinenonidine) and is precipitated from a not too con- 
centrated solution, as the sparingly soluble hydriodide, 
by addition of potassium iodide solution. The precipitate 
is treated ^^ith ammonia solution, the base dissolved in 
acetic acid, and the solution decolourised by treatment 
with charcoll. The quinidine is reprecipitated with am- 
monia and recrystallised from boiling alcohol. 
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Anhydrous quinidine melts at I7i'5® and is soluble in 
35 piirts of ether and in 26 parts of alcohol (80 %) at 20®. 
It is readily soluble in chloroform, sparingly soluble in light 
petroleum and in water. 

Quinidine Sulphate (C20H24O2N2) 2X12804-^-21120. 782. 
—White silky crystals, soluble in 200 parts of cold water. 

When a solution of 0*5 gram dissolved in 10 c.c. of water 
at 60'’ is treated with 0 5 gram of potassium iodide, cooled, 
kept for one hour and filtered, the filtrate should afford no 
precipitate with ammonia solution (absence of cinchonidine,^ 
cinchonine, etc.). 


The Aekaeoids ok Sikwhao^ Species 

STRYCHNINE C21H02O2N2. 334. -Strychnine and Brucine 
are found in various species of Strychnos indigenous to 
the East Indies and India, the seeds of two of which are 
employed as a source of these alkaloids, i.c. Strychnos 
Ignatii and Strychnos Nux-Vomica. The former contain 
2’0 to 2 '5 % of total alkaloid, two-thirds of wEich is said 
to be strychnine, and the remainder brucine ; in the latter 
species, although the total alkaloid content is slightly more 
(2*5 to 3'0 %), somewhat less than one-half of it consists 
of str}’chnine. The seeds of a third species, 5 . TietUe^ 
found in J ava, contain about i -5 % of strychnine with only 
traces of bmcine. The beans, on account of their rough, 
homy nature, cannot readily be powdered, and before they 
can be subjected to extraction, may best be disintegrated by 
one of the following methods ; — 

(x) By steaming* under pressure in a boiler. 

^(2) By passing through suitable rolls, after being ^ftened 
by a preliminary steeping in hot w^ater. 

(3) By powdering in a ball mill after gentle roasting. 

The first method is the one generally preferred. The 
Ynagma thus obtained is made alkaline by treatment with 
milk of lime and extracted, in a vessel provided with powerful 
.beaters, with hot solvent naphtha. The solu6on obtaiipd 
is extracted whilst hot with 5 % sulphuric acid suffickot to 
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form the neutral sulphates. On cooling, strychnine sulphate* 
mixed with some brucine sulphate, crystallises out, whilst 
most of the brucine sulphate, which is more soluble, remains 
in solution, together with a portion of the strychnine. I 

The crud(i crystalline strychnine sulphate is dissolved in • 
hot w'ater, and the alkaloid set free by addition of sodium 
carbonate solution and recrystallised from alcohol until 
free from brucine. 

Alternatively, the total iilkaloid may be precipitated from 
Jthe solution of the mixed sulphates, washed with successive 
portions of 25 % alcohol, which extracts most of the brucine, 
and the strychnine tinally obtained pure by crystallisatioj 
from 80 % or 90 % alcohol. 

Translucent, colourless, rhombic prisms. M.p. 2D5''. 

Very slightly soluble in water or ether ; dissolves in 170 
parts of 90 % alcohol, in 250 parts of 70 % alcohol, and in 
6 parts of chlorofonn. 

vStrychnine should dissolve in concentrated sulphuric 
acid without colour formation ; it should not be coloured 
on treatment with cold concentrated nitric acid (absence of 
brucine). 

The more important salts are : — 

Strychnine Hydrochloride C21H22O2N2 HCI -I-2H2O. 
4o 6‘4. vSoluble in 35 parts of water. 

Strychnine Nitrate C21H22O2N2 HNO3. 397. Soluble in 
63 parts of water. 

Strychnine Sulphate (C21H22O2N2) 2H2SO4 +5H2O. 
856. Dissolves in 48 parts of water. 

Strychnine is used in medicine chiefly as a gastric, cardiac, 
and general tonic. In medicinal doses it slows the heart, 
raises tji*' blood pressure, and exerts a tonic action upon the 
digestive organs. It increases peristalsis and is a frequent 
ingredient of medicine for the cure of chronic constipation. 
Strychnine has a powerful stimulant action on the central 
nervous system and is consequently useful in the treatment <jf 
reflex or functional paralysis. i 

^ 5RUCIN^C23H2604N2. 394.— In order to obtain brudn^, 
the alkaloids remaining in the mother liquq^ after 

I. 6 
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separation of strychnine are converted into the neutral 
oxalales. These are dried, and extracted at a low 
temperature with absolute alcohol, wliereb}^ strychnine 
^oxalate is dissolved out. The residual brucine oxalate 
is dissolved in hot water, and after decolourisation with 
charcoal, the alkaloid is precipitated, dried and extracted 
with cold acetone, or absolute alcohol. Strychnine being 
very sparingly soluble, much of it is thus removed. The 
brucine is finally i)urified by being recrystallised from 
dilute (25 alcoliol until free from strychnine. Alter- 
natively, the total mixed alkaloids obtained from the mother 
liquors after removal of the strychnine are dried, and the 
firm^e is extracted by treatment with cold acetone, and 
purified as above by recrystallisation from dilute alcohol. 

P'rom this solvent brucine crystallises out in colourless 
transparent monoclinic crystals containing 4 molecules of 
water. When anhydrous it melts at ijS"". Sparingly soluble 
in water, readily soluble in acetone and in chloroform ; the 
hydrated compound dissolves in 20 parts of ()0 % alcohol. 

The absence of strychnine can be proved b>' warming 
the alkaloid at 90'’ with nitric acid (sp.gr. i-()5) until the red 
colour has disapj)cared, by which treatment the brucine is 
destroyed. On making the solution alkaline, extracting ' 
it with a mixture of chloroform and ether, and treating the 
residue, after evaporation of the solvent, with concentrated 
sulphuric acid and a trace of solid potassium bichromate, 
str)xhnine, if present, is revealed by the formation of an 
intense purple violet colouration, passing from red to yellow. 

Brucine is little used in medicine. It resembles strychnine 
in its plp'siological action but possesses approximately only 
on2-eighth the toxicity of the latter alkaloid. It also differs 
from str5’chnine in having a more powerful curare-like action. 

PILOCARPINE CnHioOaN.^. 208. 

CgHc- CH—CH— CH2— C— NCH3 

i I 'f >CH 

CO CH. 

Pilocarpine is a constituent of the leaves of Pilocari>us 
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jahorandi, and Pilocarpus microphyllus, plants indigenous 
to South America. In recent years the so-called jabf)randi 
of commerce has consisted almost entirely of the latter 
variety. The quantities of crystalline ])ilocar])ine nitrate 
yielded by ^am])les of P. jahorandi and P. microphyllus 
examined by Paul and Counley [Pharm. ] . IV., 3, l) 

were 0 67 ^^0 and 0-45 % res])eetively. Por the isolation of 
the alkaloid powdered jahorandi leaves arc exhausted with 
hot alcohol, the alcohol is distilled off and the residue dis- 
^solved in animoiiiacal spirit, the solution hltercd and again 
freed from alcohol. It is then poured while hot into heated 
I hydrochloric acid and allowed to stand during a few 
days for resin to separate. The pilocarpine is extractec? wifli 
chloroform from the aquemus extract, after rendering alkaline 
with ammonia. The chloroform is then removed by distilla- 
tion and the residual alkaloid is dissolved in a small quantity 
of alcohol and the solution made acid with nitric acid. A 
crystal of ])ilocar])ine nitrate is added and the solution 
allowed to stand until crystallisation is coni])lete. The 
separated crystals art‘ tiltered off and purihed by reciystalli- 
sation from alcoliol. 

Pilocarpine Nitrate Ciiniy()2N2’HN()3. 271, is the salt 
mo*st cornmonl}' used in medicine. It forms wliite prismatic 
crystals. M.p, 177°, ; soluble in 6-7 parts 

of water and in 146 parts of alcohol (95 %) at 15°. Addition 
of ammonia to an aqueous solution of the salt should not 
afford a precipitate. 

Pilocarpine Hydrochloride CiiHje02N2HCl, 2444, 
forms vvdiite powder>' ciy’^stals from alcohol. It is ver}^ soluble 
in water and has a hygroscopic tendency. M p. 203^-204°. 
Pilocarpine is a powerful diaphoretic and sialogogue, • It 
produces persistent sweating and salivation and is jirescribed 
in the dropsy of Bright's disease, in uraemia, and to remove 
pleural and [leritoneal effusion. It is an antidote in bella- 
donna poisoning, and is a common constituent of lotions and 
ointments used to increase the growth of hair. It has a 
depj-essant attion on the heart and requires to be used with 
caution in cardiac* cases. 
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vSparteine is obtained from “ broom tops/' the herbaceous 
branches of the broom, ('ytisus scopariiis, gathered in the 
spring just before flowering. Broom tops yield o 23 to 0 ‘68 % 
of sparteine, according to the time of collection, being 
rkhest in March, and poorest in August, after flow'ering. 

?br the extraction of the alkaloid the ground drug, 
without previous drying, is macerated in the cold for 3 or 
N 

4 days with - dilute sulphuric acid. The extracts are 

combined, carefully neutralised, and concentrated to a 
syrupy consistency. The mixture is then made alkaline and?; 
steam distilled, wlien the S|:>arteine, being volatile, passelr^ 
over. The distillate is neutralised to methyl orange, pM 
iodeosin, with sulphuric acid and evaporated to dryness* 
The sparteine sulphate so obtained is crystallised, first trom 
water, then from alcohol (50 %). 

Sparteine sulphate 422.— 

Colourless prismatic crystals. When anhydrous, melts 
at i 36°--I38°. Dissolves in 0-5 part of water, and in 5 
parts of 90 % alcohol. The solutions are laevo-rotary, having 
Wd-22'I°. ■ ^ i 

No colour should be yielded with sulphuric or nil4||J 
acid. Sparteine sulphate is a cardiac tonic and diui^l^S^f 
Itvslow'S and strengthens the pul^, this' action beir|f Apr«f, 
rapid J^ut less persistent than tl^ of digitalis. / 

ESERINE OR PHYSOSTI#IINE CigHaiOjNg. 27 $X 
V Eserine occurs, associated wi^h eseramine and physoveniue, 
in the seeds (Calabar beans or Ordeal beans) of Phy$ 6 siigma 
venenosum, Balfour, a plai^indigenous to Africa. The 

ripe seeds contain about 015 to 0*30 ether soluble 

alkaloids. 
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For the preparation of eserine the crushed bea^ ftre^ 
exhausted with hot go % alcohol. The extract, after removaJ 
of the alcohol, is poured while hot, with violent stirring, into, 
O'l % sulphuric acid ; it is then allowed to stand until cold 
and filtered "from fat, etc. To the clear aqueous solution 
is added a slight excess of sodium bicarbonate, and the 
alkaloid is extracted witli ether. The ether is concen- 
trated to a low bulk and shaken into dilute sulphuric add. 
The acid extract is separated from the ether and the aqueous 
•liquid carefully neutralised. An excess of sodium salicylate 
is then added by which eserine salic3'latc is precipitated. 
It is purified by repeated crystallisations from alcohol. , 

Eserine Salicylate CirJIi;i02N3 C7lIo< >3- 413- 
most stable and convenient salt of eserine is the salicylate, 
which is made as described above or by neutralising an 
ethereal solution of tiic alkaloid with a solution of salicylic 
acid in the same solvent, when it is precipitated as a crystalline 
powder. The crystallised salt is dried in vacuo. 

Colourless acicular crystals. M.p Soluble 

in 130 parts of cold water and in 15 parts of alcohol (90 %). 

Eserine Sulphate (Ci5H2i02N3)2H2S04. 648.— Physo- 
stigmine sulphate is prepared by exactly neutralising the 
ethereal solution of the base with a solution of sulphuric 
acid in absolute alcohol and evaporating the liquid in vacuo as 
quickly as possible. 

White, deliquescent, needle-shaped crystals (m.p* 
145®), which afford a neutral aqueous solution. It readily 
turns pink on exposure and is less stable than the salicylate 
or hydrobroniide. 

Eserine Hydrobromide Ci6H2i02N3'2HBr, 437, forms 
white *• edle-shaped cr>^stals from alcohol. It is readUy 
soluble in water and is not deliquescent. M.p. 224°-226^ 

Salts of physostigmine are employed to contract tlwi 
pupd of the eye, in ciliary paralysis, glaucoma, etc., 
painful affections of the eye, and to break down adhesions 
due to iritis* its use being alternated with that of atropiuei 
Physostigmine is*also used as an antidote in cases of stryeb? 
nine poisoning. - 
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C(iLCHICINE C22H05O6N. 399. — Colchicine is obtained 
from the seeds and conns of Colchicum autumnale, the 
autumn crocus or meadow saffron ; it also occurs in other 
species of ColcJmuni and Mcrcndcra. The ripe seeds contain 
from 0'3 % to 0 8 % of colchicine ; tlie corms’from o'li % 
to 0-4 %. 

For the preparation, the seeds are extracted with hot 
90 % alcohol. The extract is freed from spirit and diluted 
with \A ater, fdtered from fat, and shaken out repeatedly with 
chloroform. Tlie solvent is removed by distillation, the* 
residue dissolved in water, fdtered, and the colchicine again 
shaken out with cliloroform. The chloroform extract 
is concentrated until it is nearly viscous, treated with a 
small quantity of absolute alcohol, warmed till homogeneous 
and kept at below until crystallisation is com])lete. The 
product which separates consists of chloroform-colchicine 
C22H2cO(jN-j'2CHCl3 After being filtered off it is boiled 
with water, whereby the chloroform is split off, and the 
aqueous solution of colchicine thus obtained is evaporated 
to dryness ?// vacuo. The mothev liquors from the chloro- 
fonn-colchicine are concentrated, and by repetition of the 
above treatment a further quantity is obtained. i*Scc 
Monatsheflc, 1883, 4, 162 ; 1886, 7, 557; 1888, 9, i, 865.) 
An alternative method is based on the power of tannic acid 
to precipitate colchicine. The aqueous solution obtained 
by dilution of the alcoholic extract may be fractionally 
precipitated with this reagent. A small first fraction is 
rejected, similarly a third fraction. The second and main 
fraction is well washed, decomposed by treatment with lead 
oxide and the colchicine extracted by alcohol. 

’'A yellowish ainor])hous pow^der, soluble in chlofoform, 
alcoliol, or water, slightly soluble in ether. M.p. 143°- 
147°, Neutral to litmus. 

, Colchicine Salicylate C22H260oN C7He03. 537.— 

C^rfehidne is used in medicine mostly in the form of its 
iillcylate, which fonns a faintly yellow cry stalline powder. 

is used as a remedy for gout, in which it relieves *lhe 
I ain and inflammation. The galenical extracts of the seeds. 
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however, find wider emj)loyment than does the is^atec 
alkaloid. 

ACONITINE C34H47O11N. 645. — Aconitine is obtainec 

from the root of Aconifum Napellus, a plant cultivated ii 
Britain, Fraifce, and other temperate countries. A variety 
grown in Japan, A. nncinatum, var. japonicum, affordi 
japaconitine. an alkdoid closely allied to, but not identica 
with, aconitine. 

European aconite root, from A. Napcllus, contains 0*4 % 
<0 0 6 % of alkaloids ; other varieties contain smallei 
quantities. 

I'or the isolation of aconitine the ])owdered root i; 
extracted, b}’ percolation at a moderate temperature, ^witl 
alcoliol acidified with tartaric acid. The extract is freec 
from alcohol, w'hich is removed by distillation in vacuo, 
and treated with water sufficient in amount to thrown out, 
in a filterable form, fat, resin, etc. After several days 
standing, the aqueous portion is separated by filtration and 
fieed from last traces of resin by agitation wfith petroleum 
ether. The alkaloid is •then precipitated with sodium 
carbonate solution, extracted with ether and purified by 
coiiversion into its hydrobromide, w'hich is recrystallised 
in neutral condition from water until of constant melting 
point. The alkaloid may be obtained by precipitation 
with ammonia from the solution of the pure salt, and is 
crystallised from methyl alcohol. 

Aconitine crystallises in colourle.ss rhombic crystals. 
M.p. 197^-198°. It is soluble in 726 parts of water,, 
37 parts of absolute alcohol, 40 parts of ether, 5-5 parts of 
benzene, and is almost insoluble in petroleum ether ; it is 
readil; ooluble in chloroform. • 

Aconitine hydrobromide C34H47O1 iN HBr A 2 JH2O 
(from water). When heating is commenced at 160°, it 
sinters at 164'', and melts at 180"". 

'’Aconitine first stimulates and then depresses the respi- 
rator}' centi^, and in toxic doses produces death by respi- 
ratory failure. It is antipyretic and slows the action of 
the heart. 
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It is applied externally, embodied in an ointment, to 
relieve acute nervous pain, such as that of acute rheumatism 
and gout and of trigeminal neuralgia. Internally it relieves 
pain and high temperature and is useful in acute local inflam- 
mations, such as those of pneumonia, peritonitis, painful 
neuralgic affections, etc. 



Section III.— NATURAL AND SYNTHETIC 
LOCAL AN.ESTHET1GS 

Cocaine is closely allied to atropine inasmuch as it ykldS 
on hydrol}'sis ccgonine, a carboxylic acid derivative of 
tropine, the hydrolytic product of atropine, 

CHa-CH CHj 

I I 

NCHj CHOH 

I I 

CHj-CH CH, 

Tropuje. 

j^ocaine is of chief importance for its local action ifi 
paralysing sensory nerve endings, particularly those con- 
veying pain and touch. 

A study of the chemical constitution of cocaine has beeii 
completely successful in leading chemists to produce other 
substances possessing like anaesthetic action. a-Eucaikei 
was the first substance of this type introduced, but wajS 
quickly superseded by /3-eucaine, which is less toxic thm 
either the former or cocaine. 

CH,- CCH3-CH2 CH8*CCHjr-<:H2 

•j™- f CHOCOC.^ 

CHr-CCHj-CHj CHaCH CH* 

c-Eucaiiie. Bacaine. 

V ¥hese discoveries led to others, for instance the aUcaxi#^ 
stovaine and alypine. A certain chemic^ resembli^ 
So 


CH2 -CH CH COOH 

I I 

NCH3 CHOH 
CHj— c!h —CHj 

Ec^o&uic 
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of tl^se alkamine esters to cocaine is shown by their constitu- 
tional formula : 


CH3 CH3 

CH3 CH3 

1 ‘ 1 • 

I 1 

N— CH3 CHo 

N— CH3 CHo 

I 1 

CHo - COCOC0H5 

j 1 

CHo C-OCOCeHc 

1 

CH3 

1 

CH3N— CHo 

1 

StovAmc 

1 

CH3 

Al> piuf. 

A new series of local anesthetics, derivatives of amino 
benzoic acid, has, however, been introduced, and these do 


not bear any marked chemical resemblance to cocaine. 
Some of these compounds liava- attained considerable im- 
portance ; the simplest of them is ethyl para-aminobenzoate, 
anaestliesine, but of greater importance is its dietliylaniino 
derivative known as novocaiiie. . 

New orthoform, the methyl ester of aminohydroxy 
benzoic acid, is another useful anesthetic of this class, ^ind 
an improvement on this is tlie diethyl glycocoll derivative 
of amino- me tlnd salicylate known as nirvanine. 

The respective merits of these local anesthetics are to be 
judged not merely by their anesthetic action, but partly 
by their solubility and stability during sterilisation by 
boiling, and especially by the general toxicity and local 
irritant action. The following interesting table of comparison 
is taken from Cusiiny s Text-book of Pharmacology. 


•1 

1 

loxicity. 

Ana>.tJirlic action. 

Irritant action. 

Cocaine . . . . ! 

J 

i 1 

4* 

Eucaine . . . . 1 

0*4 

i I 


Stovaine . , . ‘ 

0*0 

1 1 

+ + 

Alypine .... 

0*0-1*25 

1 

I » + + + + 

Novocainc ... 

0*3- 0*5 

0*1 , 

Absent* 

Nirvanine . . . j 

o*3-o*7 

0*4 j 

^ ] 

+ + 
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COCAINE (Benzoyl methyl ecgonine)Ci7H2i O4N. 

CH2--CH - -CHCOOCH3 

I I 

NCH3 CHOCOCqHo 

I I 

CH2- CH CH2 

Cocaine is obtained from the leaves of various species of 
Erythroxylon. Three kinds of coca leaves occur in com- 
merce : (i) Erythroxylon Coca, Lamarck, Huanuco or Bolivian 
Coca ; (2) E. Truxillcnsc, Rusby, Truxillo or Peruvian Coca, 
also cultivated in Ceylon ; (3) E. Spruceanum, Burck, Java 
Coca. In addition to the foregoing species, many variej;ie4 
of Erythroxylon exist, a few of them only containing signifi- 
cant proportions of cocaine. The percentage of alkaloids 
present in commercial coca leaves varies from 0 6 to 2 ‘4, 
Java leaves containing the highest amount. Associated 
with cocaine are a number of other alkaloids : cinnamyl- 
cocaine, the chief constituent of the J ava leaves ; n- and / 3 - 
truxilline, cocamine or isatropy 1-cocaine, and benzoy 1-ecgoninc, 
which possess, with cocaine, ‘the common pro])erty of affording 
eegonine on hydrolysis, together with benzoic, cinnamic, 
or kuxillic acids. Tropacocaine, another important consti- 
tuent, when hydrolysed, gives pseudo-tropine, a stereo- 
isomeride of tropine, and benzoic acid. Kegonine can be 
converted into cocaine, by methods to be described ; p.seudo- 
tropine cannot. 

Crude Cocaine. — In order to save freight and to eliminate 
the risk of deterioration to which the leaves are subject, the 
alkaloids arc commonly, though not always, extracted in 
the country of origin, and imported into Europe under the 
name * “ crude " cocaine, which may consist either of fhe 
bases themselves, or of their hydrochlorides. “ Crude " 
cocaine, from South America, is an extremely variable 
article and frequently is heavily adulterated. Purchase on 
assay even is attended by risk, as the same keg may contain 
material of greatly varjdng purit3^ 

The preparation of crude cocaine is believed to be carried 
out in South America by extracting the finely ground ledves 
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with dilute sulphuric acid. The acid extract is made alkaline 
with^ sodium carbonate and the liberated alkaloids are dis- 
solved in petroleum. From this they are re-extracted 
into dilute sulphuric acid and reprecipitated with soda, the 
precipitate being washed with water, pressed, and dried. 
(C. and D. 1912, 80, 51.) 

Java cocaine, from which a very large proportion of the 
world's supply of pure cocaine is now obtained, is manu- 
factured as follows : the leaves are dried in a well-ventilated 
but cool place and, after powdering in a disintegrator, are 
mixed with from 3 to 5 % of slaked lime and sufficient 
water to afford a stiff paste. The mixture is placed in a 
Jacl^eted iron vessel provided with good stirring facilities 
and is extracted, at a temperature of 80 "'-100°, with a 
petroleum fraction distilling at 200°-2^0 ° ; or, in the cold, 
with benzene or solvent naphtha. 

The oil solution after separation is agitated with dilute 
hydrochloric acid, sufficient in amount to extract the bases 
in the form of their hydrochlorides. The aqueous solution 
is then either neutralised and evaporated down, the salts 
being crystallised out, or is treated with sodium carbonate, 
whereby the crude cocaine alkaloids are precipitated. 

Pure -Although it is possible to purify cocaine 

by cr}^stallisation of the hydrochlorides of the mixed 
alkaloids, this procedure has been found to be tedious and 
uneconomic ; the proportions of the associated alkaloids vary 
considerably, and Java cocaine, as has already been stated, 
consists mainly of the cinnamyl derivative. The technical 
method of manufacture consists of hydrolysing the alkaloids 
to methyl ecgonine, or to ecgonine, and reconverting the 
, punfied methyl-ecgonine or ecgonine into cocaine by bcnzoyla- 
; tion, or esterification and benzoylation respectively. Hydro- 
, lysis*#to methyl-ecgonine may be effected by boiling with 
K hydrochloric acid in methyl alcohol under a reflux condenser. 
For complete hydrolysis the hydrochlorides of the alkaloids 
are dissolved in water, the solution is made acid with hydro- 
I chloric acid to the extent of about 0*2 % ^d heated for one 
^{hour in an enamelled or silver-lined autoclave to i^O^, 



whereby the methyl group, as well as the benzoyl, cinnamj^i 
truxillyl, etc., radicles are split off. The resulting solutiosi 
is filtered, after cooling, from the liberated acids and evapo- 
rated to drjTiess. Ecgonine hydrochloride is thus obtained, 
associated at Jtimes with some pseudotropine hydrocliloride. 
It is washed with alcohol or acetone and the base isolated 
by treatment with sodimn carbonate and extraction, after 
drying, with hot alcohol. It is purified by crystallisation 
from the same solvent, from which it separates in colourless 
prisms, containing i molecule of water, and melting at 
198®, or by crystallisation of its barium salt. 

Mcthylaiion . — The pure ecgonine is converted into its 
methyl ester, by heating with methyl alcohol and hydro- 
chloric or sulphuric acid, or by employing sodium methyl sul- 
phate, and the ester, after liberation from its salt, is extracted 
with chloroform and cleaned by distillation in a high vacuum, 
Benzoylaiion.-~-T)\s>i\\\t^ methyl-ecgonine dissolved ir 
benzene is mixed with a small excess of benzoyl chloride 
and the mixture heated at its boiling point under a reflus 
condenser. The cocaine hydrochloride obtained on cooling 
is converted to base and is purified by recr>’stallisatiot 
from alcohol. The liydrochloride is then re-formed anc 
recf^'stallised from mixtures of alcohol and light petroleun 
or ether. Recrystallisation must be repeated, if necessary 
imtil the pharmacopoeial tests of purity are comphed with 
since associated impurities are apt to possess dangeroui 
toxic properties. 

Several other methods have been proposed for th< 
conversion of ecgonine into cocaine : — 

Ecgonine is benzoylated by heating with benzol 
anhydride or benzoyl chloride, or by heating the hydrochlo4d< 
with 1 iizoyl chloride, and the resulting benzoyl ecgonin 
esterified by boiling with methyl iodide and one molecula 
proportion of sodium in methyl alcohol solution. (Eiebei 
mann and Giesel, Ber. 1888, 21, 3196), (D. R. P. 46702,) 

The conversion is carried out in one operation, wheret^ 
ecgonine is heated t<^ether with methyl iodide and benzol 
ot^dride under pressure. (Merck, Ber, 1885, 1 8, 2953.) 
The hydrolysis of crude cocaine to ecgonine has 
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carried out by boiling with an excess of hydrochloric acid 
(sp?|^r. I i-i '2) (D. R. P. 46702), and by boiling for an hour 
with 60 times its weight of 7 % hydrochloric acid (Greshoff, 
Pharm. ]\ cckhl. 1007, 44^ 961). De Jong, criticising the 
latter })rocedure, has stated that under tli^sc conditions 
decomposition results. (Chevi. Wcckhl. 1907, 5, 645.) 

Tests • A solution of 0*1 gram in 5 c.c. of water, acidified 



willi 3 drops of dilute sulphuric acid (10 % w/u) is mixed 
witli 3 drops of dccinormal potassium permanganate solution, 
when th% colour should not disappear in half an hour 
(U. S. P.). For this test to be complied with it is necessary^ 
tliat ever}* trace of organic solvent should have been removed. 

A solution of 01 gram of cocaine h}’drochloride in 80 c.c. 
of water is treated carefully, without shaking, with 2 c.c. of 
a mixture of g volumes of water and !• volume of 10 % 



NATURAL AND SYNTHETIC ANESTHETICS 95 

ammonia solution ; no turbidity should form within one 
hour. On then scratching the sides of the vessel wilfT a 
glass rod a crystalline precipitate (cocaine) should be thrown 
down, the supernatant liquor remaining dear. 

Cocaine h^^drochloride should melt at i8o°-i86° (B. P.), 
183° (P. G.), 186° (Fr. Codex). It should be ])erfectly colour- 
less, and should afford a bright, neutral solution in v\ ater. 

This salt of cocaine is the one mo.st generally employed 
in medicine. It is largely used for producing local anaesthesia 
in minor operations and in dental practice. Given intenially, 
or in small hypodermic doses, it acts as a nerve stimulant, 
restorative, and tonic. The mental exhilaration it produces 
often conduces to the formation of the *' cocaine habit,"* 
^vhich is even more unfortunate than the " morphia habit " 
ill its results. 

TROPACOCAINE (Benzoyl pseudotropine) Ci5Hii,02N. 
245 - 

CHo-CH— CHo 

i “ I I ^ 

NCH3 CHOCOCellr, 

I -I 

CH2--CH-CH2 

Tropacocaine was discovered in Java coca leaves (Giesel, 
Ber. i8qi, 24, 2336) and has since been found to be present 
11 Peruvian coca (He.sse, J. prakt. Chcm. 1902, 66, 401). 
[ts isolation from crude cocaine is a matter of difficulty ; 
lence it is technically prepared from tropine. Tropine is 
Lioiled with sodium amyloxide in amyl alcohol, prepared by 
li.ssolving sodium in dry amyl alcohol. By this treatment it 
.s converted, to a large extent, into its stereoisonieride, 
i/^-tropine (WillsUiter, Bcr. 29, 936). 

Tb ^ base thus obtained is distilled in vacuo afid 
crystallised from a mixture of l^enzene and light petroleum. 
About 65 % of pseudotropine (m.p. 108®) is obtained, 
ind 35 % of a mixture of tropine and pseudo-tropine, which 
is mixed with the next batch of tropine to be converted, 
[t is benzo> kited in the same way as has been described 
tmder cocaine (Baprowcliff andTutin, J.C.S. 1909, 95, 1970), 
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an4 the resulting tropacocaine hydrochloride purified 
r^ 3 ^^stallisation from petroleum. M.p. 271° (Willstater) ; 
283® (Barrowcliff and Tutin). 

Tropacocaine Ipdrochloride forms colourless crystals 
readily soluble in water. It should withstandj^ermanganate 
to the same extent as does cocaine hydrochloride, when the 
same test is applied. 

Tropacocaine is employed as a local ansesllietic and 
closely re.seinbles cocaine in its action. It is said to possess 
only onedialf the toxicity of cocaine and to produce less 
dilation of the pupil of the eye. Aiucsthesia sets in more 
ra})idly and is more prolonged than in the case of cocaine. 

• •In lumbar anaesthesia tropacocaine is indicated as the 
most reliable and least dangerous of the drugs in use. 

BETA-EUCAINE (Benzamiiie) (Benzoylvinyl-diaceton- 
alkamiiie). C1CH21O2N. 247. 

CH 3 

j 

CeHjCO-O-CH 

'CH^ CH3 

Beta-eucaine is prepared according to the follojving 
series of reactions 

2CH3C0CH3+NH3->CH3C0-CH2-C(CH3)2NH2 

116 17 115. 

Acetone. Duicctonamine. 

+ ch3CH{0C2H5)2 ch2""^^\:h2 

I I 

CH 3 -CH\j^/C(CH ,)2 

141 

Vinyl-diacetonafilne. 

r* 

CHOH 

I I 

CH,-CH^/C(CH,), 
•NH 

• 143 

VkyI'<lkcetoaaIkuiUn«.\ 


II8 


CH.OCOCeHj 

I 1 

CH 5 -^V^(CHg )2 

NH 

247 

I Z Bensoyl vinyl 



svmmc; 

Diacetonamine (see Everest, J£.S. IIS, 5 ®^ 

^Acetone (it6o parts) and anhj’drous calcium cMoridc 
(200 parts) are introduced into a water-cooled, jacketed 
emamelled vessel provided with a reflux condenser (to prevent 
loss of acetone during the introduction of ammonia), a stirrtt, 
and an inlet tube leading below the surface of the liquid. 
Ammonia gas (from a cylinder) is passed in as rapidly 
as absorbed, until 200 parts have been added. Heat k 
developed during the addition of the ammonia, and care 
must be taken that no loss of acetone is caused thereby. 
The addition of the ammonia occupies about nine days, 
after which the reaction mixture is allowed to stand for a 
further nine days, being intermittently stirred. The lafers' 
are then separated, the lower one, consisting of aqueous 
calcium chloride, being removed. Dry air is then passed 
rapidly for several hours through the amine layer, whereby 
a large proportion of the excess of ammonia is removed. 
The amount of oxalic acid required for the formation of the 
acid oxalate is determined (by titration with .standard 
oxalic acid) ; this quantit>; is dissolved in alcohol (S.V.M.), 
three times the volume of the reaction mixture being, 
employed, and the amine then poured slowly into the acid 
solution, the whole kdng well agitated, and the tempera^ 
ture kept below 50''. The mixture is then distilled, until 
the temperature reaches 75°, when a smaU amount of 
acetone, mixed with alcohol, is recovered. The solid 
ammonium oxalate which separates is filtered off while hot 
and washed with hot alcohol. The filtrates deposit, on 
cooling, diacetonamine acid oxalate in a crystalline con- 
dition. It is collected, washed with alcohol, and dried.. 
From the total mother liquors a considerable furtk^r 
quantuy of product is obtained by distillation at water- 
bath temperature, allowing the residue to remain for about 
24 hours in the cold, collecting the crystals which separate, and ' 
washing them with alcohol. About 800 parts of diacetott|| 
amine acid oxalate are obtained ; 600 parts from the fir4f 
deposition, aftid about 200 parts from the liquors and 
^ extraction of the Sdd residues. M.p. I25°~i27°. 
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Vinyl-diaccionaminc Oxalalc (w K. P. 101738 of 
191^^ Kin^, Mason and Scliryver). — Diacelonainine acid 
oxalate, 800 parts, is mixed with alcohol (vS V 3 I.), 2400 
jiarts. and acetal, iGoo jiarts, and the mixture boiled for 8 
hours m a vessel jirovided with a reflux condenser. While 
still warm, the crystalline vinyl-diacetonamine oxalate is 
separated bv filtration, and a furth'-r cro]) is obtained after 
eoncentiMtion of the mother Ikjuoi. Yield, (S5-()0 %. 

The product is purified, and separated from unchanged 
diacetonainine acid oxalate, etc , bv washing with ho^ 
P5 alcohol until a dried sample melts at i84'-i85\ 

As an alternative metliod of juirifj cat 1011 boo parts of 
crufle viin 1-diaeetonaiiime oxalate are dissolved in 1500 
jiarts 0! boiling water ; poo parts of caustic soda are dissolved 
in 1000 ])arts ol water and about one-half of tlu' solution is 
added to the solution of the vinyl compound and the precipi- 
tated sodium oxalate, if any, is Idtered off. The vinyl- 
diacelonaniiUL base is precipitated in the filtrate by the 
addition ol the lemainder of the sodium lu'dratc solution and 
is removed b\ extraction with^a solvent, such a^ ether. 
The solvent is distilled off, the residual base amounting to 
about 350-400 parts. 

Pn'paiiilio)! of Vinyl-diacLionc-alkaminc. — The following 
proces.s is based on a method eommunieated to the Royal 
Society Committee by Professor R. Robinson of Liverpool 
llniversit> . 

\in\ l-diacelonamiiie oxalate, 280 grams, or an equivalent 
quantity ot the base, is dissolved in boiling amyl alcohol, 
2000 grams, and 175 grams of sliced sodium added, in 
quantities of 10 to 20 grams at a time, at such a rate that the 
mixture keeps boiling This operation can be effect^pd in a 
metal vessel provided with a long tube as a reflux condenser, 
and a sde tubulure for the introduction of the sodium. 
Shaking must be vigorous and continuous throughout. 
The product of a number of such reactions is mixed and boiled 
in a vessel provided with a reflux condenser, mitil the base 
extracted from a test-portion has the correct melting point, 
"I'his ojieration may take from 30-40 hours. 
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A current of steam is then blown through the luL^-t^re, 
when ainyl alcohol and the alkaniine distil over. The 
layer of the former is se])arated and washed with dilute 
hydrochloric acid, which is then used to neutralise the 
aqueous portion of the distillate. The solution of the 
vinyl-diacetone-alkamine h\ drochloride is evaj)orated to 
dryness and jairilied In- washing with acetone. Yield, 
20s grams 

Tlic base obtained by dissolving a portion of the 
Ji} drocliloiKk' in water and ])rccipitating it with soda 
should melt at i - 1 ;8b It the melting ])oint is incorrect 
the material re(puies to be jiuiilied, eitluT by ])reparin^ 
the free base and recr} stallising it from benzene,' or 
b\ reciw stalhsation of the h\ drochloride from alcohol and 
water. 

iHiizoylaiutu of vtnyl-dun ofonc-alkamiue hydroililoridc. 
“ A mixtuie of eipial weights of benzo\ 1 chloride and 
viii> 1-diacetone-alkamine h\ drochloride is heated at 130^^- 
1)0 (nitenud tem])erature) for 2 hours and then at 160° 
until evolution of fumes yf hydrogen chloride is no longer 
notice.ible. The ]>asty mass isstiired from time to time. The 
whole o])eration takes about 3 hours. After cooling some- 
what, tlie solid mass is digested with a small (piantity of 
hot w'ater and crushed. Wdieii cold it is liltered, and washed 
with successive .small amounts of cold waiter until the colour 
has been removed It is then dried and waslkd with ether 
or benzene to remove benzoic acid. The beta-eucaine 
liydrocliloride is then recr^’stallised from w'ater till pure. 

Beta-eucaine Hydrochloride (Benzamine Hydro- 
chloride) CiriH2i02N HCl, 283-4, is a fine wliite cr\stalline 
powde- The melting point has been given as 268'', limt 
Pickard has showm that the pure salt, \vhen heated 
in a capillar)- tube .sealed at both eud.s, melts at 278^^. 
It is soluble in 12 parts of 90 % alcohol, and in 40 
parts of water ; the aqueous solution should be per- 
fectly bright and colourless. It should als( di.ssolvc with- 
out change of cojour in concentrated sulphuric and nitric 
acids. 
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<i^eta-eucaine Lactate (Benzamine lactate) 
C,5ll„,(),,N-C3Ho03. 337. 

F(v the i)rei)aratioii of this salt the hydrocIJoride is 
dissolved in hot water and the base liberated by addition 
of twice the theoretical quantity of tanstic soda. When 
cold It is i xtracted by ether and the ethereal solution dried 
with anh\ (lrons ijotassiuin carbonate. I,actic acid is dis- 
solved in ether, to a 40 solution, and dried over anhy- 
drous sodium .sul])hate. SliKhtly less than the theoretical 
quantity (i molecule) of this is added, with stirring, to the 
ethereal solution of the base, Aftci two hours’ standing 
\ht»Iactate has completely separated and is filtered off and 
wasliod with dry ether and dried. 

Tlie salt is a white, odourless, erystalline powder, 
soluble in 4 ])arts of water and in 8 i)arts of alcohol, giving 
clear and colourless solutions. The lactate is more usually 
employed Ilian the hydrochloride, on account of its more 
ready solubility in water. 

Beta-eucaine is a powerful local anaesthetic, similar in 
action to cocaine but less toxic, somewhat weaker, and 
devoid of the stimulating properties of the latter. Further, 
it neither dilat(*s the j^upil nor contrac'ts the blood vessels 
as does cocaine. Beta-eucaine is especially useful for 
ophthalmic purposes. It is usually administered in a 2 % 
aqueous solution. Solutions of the salts can be sterilised 
by boiling, without undergoing decomposition. 

STOVAINE (Benzoyl dimethylaminodimethylethylcarbmO^ 
hydrochloride). CJ4H21O2NHCI. 271-4. * 

CH3 

CgHr,— CO— 0-C- CgHg 

i 

CH2N(CH3)2-HC1 

Dimcthylaminodimethylcihykarhifiol 

CH 

(CH3)jN-CHj-C<''0H* 

C,H, 
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One molecule of monocliloracetone (prepared by cjjj:§ct 
chlorination of acetone— D. R. P. 680 30) is treated, in absolute 
ether, with one molecule of magnesiiiin ethyl bromide. The 
resulting magnesium compound is decomp().sed with ice 
and the monochlorodimethylethylcarbinol extracted and dis- 
tilled (TifTeneau, Compi. Rend. 134, 775). This is next 
heated with 2 molecular pro|)orti()ns of 30 % diinethylamine 
solution at 180° for 3 hours. Tlie solution is then neutra- 
lised and evaporated to dryness, the salt treated with 
concentrated alkali, and the diniethylaminodimethylethyl- 
carbinol extracted with a solvent and separated from re- 
covered dimethylamine by distillation (I). R. P. 169746). 

By another method (Th R. P. 169819) diniethylamfho* 
acetone, prepared from monoehloracetone and dimethyl- 
amine, is treated with magnesium ethvl bromide in 
anh\ (lrous ether vSolution. A vigorous reaction ensues, the 
ether boils, and a white powder separates. The addition 
of the dimethylaminoaoetone occupies about 3 hourSt 
The reaction mixtiue is allowed to stand for 4-6 hours 
and i.s decomposed, aft^T adding powdered ice, with 
sndicient nitric acid to render the solution acid. The 
ether layer is separated and the acid layer concentrated in 
vacuo as far as possible. The residue is treated with concen- 
trated alkali solution and the liberated base extracted with 
ether or benzene, and, after drying, distilled in imuo. (B.p, 
57° at 23 mm., 140° at 760 mm.) 

Bcnzoylaiton of Di mcthylaminodimdhylclhykarhinol . — 
One hundred parts of the distilled base are mixed with 
a solution of 115 parts of benzoyl cliloride dissolved in 
200 parts of benzol. Heat is developed, and the hydro- 
chlorid-' of the benzoylated base separates. After boiling ior 
some lime the reaction mixture is cooled, and the crystals are 
filtered off, washed with cold benzol and rccrystalhsed from 
absolute alcohol, 01 by dissolving in the minimum amount of 
methyl alcohol and mixing with an equal volume of acetone. 

Stovaine is sold in the form of small colon less, glistening, 
scaly CT} stals. M.p. 175°. It is ver>^ soluble in water, 
and the solution can be sterilised by boiling without 
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deQ^iiipo.silioii taking place. It is readily soluble in alcohol 
and almost insoluble in ether. It is neutral to litmus. 

Stovaine is a lumbar anasthetic said to possess only one- 
half the toxicit} of cocaine. It differs pln'siologically from 
cocaine in that it dilates the blood vessels instead of con- 
tracting thenp and, further, seems to have a tonic effect upon 
the heart. Hence the vascular system is said to escape all 
the harmful effects [>roduced by cocaine. 

ALYPINE (Benzoyl tetra-methyldiaminodimethyleth} 1 - 
carbiiiol li) drocliloride) CielHgOaNoliCl. 

aLN(CH3)yIlCl. 

I 

I 

CI1oN(CH3), 

ClHCl 

Ricpaiiilion vj P-Elhyldiililoiltydiui H.K.r. 

CHoCl 

i()8<i 4I. — 48 ])arts of niagnesiuni are treated with a mixture 
of 218 ])arts of ethyl bromide and joo parts of abso- 
lute ether. To the resulting solution of magnesium ethyl 
bromide arc‘ added, slowly and with careful cooling and 
good stirring, 254 parts of symmetrical dicliloracetone, 
CH2CI— CO - CHoCI, dissolved in an equal quantity of 
absolute ether. The mixture is allowed to stand oveniight 
and is then poured on to powdered ice. Dilute sultihuric 
acid is added in quantity sufficient to dissolve the jirecipi- 
ta^ed magnesia, after which the ether layer is separated, 
w'ashed, and dried, and the ethyldiclilorhydrin, after removal 
of the solvent, distilled in vacuo. B.p. 77° at 15 mm. 

Tctra-mcthyldiaminodimvihvlcihykarhinol 

CH.NlCHa)^ 

I 

CjHb-C- OH 

CHjN(CH3)j 
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I). R.P. 173610.- 157 parts of jS-othyldichlorliy drill are tre^ji^d 
with a solution of 180 parts of diiiiethylaniine in water, and 
the mixture is heated in an autoclave for j hours at 180^. 
The resulting solution is made slightly acid w ith In drochloric 
acid and extracted with ether, to remove unchanged /1-ethyl- 
diciilorhvdrin, alter which it is evajioraled to dryiu'ss. The 
residue is covered with a layer of ether and is treated w'itli 
concentrated caustic soda solution and with solid caustic soda 
to saturation Tlie liberated bases, dinietlnlamiiie and 
U‘tra-meth\ ldiammodimeth\ leth} lcaibmol, are taken up by 
the ether. The ether and dimethylamme are removed and 
the residual base* distilled ni rat no. B p. 87'' at 17 mm. 

Benzoyl iLtni’mcthyldianiinodimcihyldhyhaibinid 1 ). P. * 1 ^* 
J7jd3i -The method given for the l)enzoylation ('onsists in 
treating 147 parts of the l)ase, mixed with crushed ice, with 
200 parts of JO caustic soda .solution and 1405 parts 
of benzo}! chloride, added in equivalent amounts, m small 
(piaiitities at a time, stirring being continuous and enicieiit. 
The tem])eratuie is kejit at o^ by the addition of ice. 
When beiizoylation is coyiplete, the benzoylated ba.se is 
extracted with a solvent and converted into its hydrochloride 
by neutralising with an alcoholic solution of hydrochloric 
acid I'lie solution is evaporated to dryness and the hydro- 
chloride puritied b\ recry siallisation from acetone. 

It seems pr(;bable that the benzo}lation could be more 
simply carried out by treating the carbinol deri\’ative with a 
molecular quantiU of benzO}d chloride, as in the case of 
cocaine, when alypine h\ drochloride should directly result. 

Alypine li\ drochloride is a white crystalline hygroscopic 
powder, inciting at i6qi It is soluble in water and in 
alcoho^ The aqueous solution is neutral in reaction, it 
should be protected from air. 

It is a local anaesthetic having an action similar to that of 
cocaine, than wiiich it is stated to be less toxic. It is also 
said not to produce disturbance of the accommodation. 

NOVOCAINE (^-aminobenzoyldiethylamino-ethanol hydro- 
cliloride) NH2<br7C0 - O - CHj - CHj - N(C2H6)2HC1. 
272 ‘4. — Novocaine can be prepared, according to D. R. P. 
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1^629, by condensing />-nitrobenzoyl chloride with ethylene 
chlorhydrin, and treating the resulting ^-nitrobeuzoyl- 
chlorethanol with dicth}lainine. The product, p-nitxo- 
benzoyldiethj lamino-ethanol, is then reduced to novocaine 
with tin and hydrocliloric acid. •• 

By I). R, p 194748, /i-nitrobeiizoylchlorethanol is first 
reduced and Bie ^aminobenzoylchlorethanol condensed 
wiiJi aiethylainiiie to novocaine. 

I he researches carried out under the direction of the 
Boyal Society's Committee, sliortl.v after the commencement 
of the war, indicated the best method to consist in first 
prq.anng dicthylamino-ethanol, which is reacted with 
/>-mtrobenzo> l cliloride, the resulting coiniioimd being then 
reduced to novocaine. 

The follow ing are the stejis by w Inch dieth) laniino-ethanol 
IS i)rci fared ; 

CHalir CHjOCoCHj CH.,Br 


CH2ltr 

laiiylciit' 

dibroruKlc 

188 


CH.OCtXTI, 


(llaec tdtr 

146 


CH^OH 

(.b’tol 

bKimiiyduii 

125 


NO 


^ CH2OH 

Du thylauiiiio-ethauul 

1^7 , 


^(C2Ha)2NH 

Dklhyl p ,ilir«,(„lk.thvUuUmt“ DKlbyUm.ne 

149 178 173 

Preparation of Glycol bromhydrin. —Ethyhnn, prepared 
either by the usual method from alcohol and syrupy 
phosphoric acid, or by passing alcohol vapour through a 
tube contammg alumina heated at 3ZO°-36o°, is passed 
1^0 bromine and the resulting ethylene dibroniide rurified 
by fractional distillation. 

Ethy lene dibromide, 188 parts (i mol.), glycol diacetate, 
14 paits (I mol.), and coarsely powdered potassium acetate 
206 parts (rather more tlian 2 mols.), are well inked together 
in a vessel provided with a reflux condenser and a powerful 
stirrer, and is heated in an oil bath. The temperature of the 
bath is slowly raised to about 150°, when ethylene dibromide 
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begins to boil vigorously. After about an hour very 
liquid is refluxing and the temperature is raised to 200*^ 
and kept at this ])oint for i J hours, the total time of heating 
being about 2j-j hours, stirring being continuous. The 
reflux is theit replaced by a direct condenser, to which a 
rec'eiver is attached, and the system evacuated to jo mm. 
The temperature is raised finally to 210°, and maintained 
at this until no more liquid distils over. The distillate 
consists of glycol diacetate, acetic acid, and ethylene 
dibromide. It is redistilled under ordinary iiressure and 
collected in three portions, (i) (2) 

(3) above iqo'''. 

fraction (i) is refractionated with a column, distillation 
being interrupted when the thermometer reaches 170°. 
Ihe distillate (acetic acid and ethylene dibroniide) is treated 
with water and neutralised with potash, ethylene dibromide 
and potassium acetate being recovered. The residue is 
mainly glycol diacetate, used in the next stage of the reaction, 
fraction (3) on redistillation affords a further quantity of 
glycol diacetate. Yield, 84-85 % of theory. 

The glycol diacetate is converted into glycol bromacetate 
by the action of liydrogen bromide, according to the 
equation 

CH2OCOCH3 CHgBr 

I THBr^l +CIi3COOII 

CHaOCOCHg CH^OCOCHa 

Hydrogen bromide, 81 })art.s, jirepared from bromine 
and moist red phosphorus and dried over calcium clilotide, 
is passed into 146 parts of glycol diacetate. This 0}>eration 
may b • carried out in a closc'd earthenware still suitable imt 
being maintained under slight pre.s.sure of the gas. If 
working on a large scale a stirrer is advantageous. The ■ 
brominated liquor is allowed to remain overnight, after which 
any uncombined hydrogen bromide is removed, by blowing 
or aspirating a current of air through the liquU, and absorbed - 
in a fresh ctarge of glycol diacetate. The^liquor is then 
distilled, to remove acetic acid, employing a fractionatii^ 
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c^l^inn and htaitiiii; up lo 125°. The distillate is refrac- 
tionated once. 

The ;;]3’col broinacetate without further purifying is 
boiled lor 3 hour.s, a reflux condenser being fitted, with 70 
parts b\- volume of absolute nictli\l alcohol, when hydrolysis 
to glycol bromh} drin and methyl acetate occurs. 

CHoBr CHoBr 

! {CHgOII-^l -f-CH;,COOCH3 

CHoOCOClI^ CHJM 

The liquid is then di.stilled, using a column, and thy 
meth)l acetate and excess ot iiietli)! alcohol are removed. 
The residue is distilled, the fraction 14b' -130'', consisting of 
ghcol bromlivdrin. is reserved. Ain thing boiliiiL; above 150® 
consists chieth' ol gl\'col biomacetate and is mixed with 
the next batch to be hydrolysed Yield, /O theory 

(from glycol diacetate). 

An alternative method for the preparation of glycol 
broniln drin, which seems to jiossess practical possibilities, 
has been described bv Read and Williams, I.C.S. Ill, 240 
(IM17) 

Washed eth\’lcne is passed into an ice-cold solution of 
7’2 grams of bromine in 500 c c. of water. After complete 
absorption of the bromine a fresh portion, e([ual to the first, 
is added, with frequent and vigorous agitation, until a total 
weight of 200 grams of bromine has reacted. The low'er 
lajer of ethylene dibromide which is formed during the 
process is separated, washed with water, and dried over 
sodium sulphate. Yield, 88 grams. After neutralising the 
sodium carbonate and saturating the aqueous layer with 
common salt, the ethylene bromhydrin is extracted from it 

shaking w ith two successive quantities of 100 c.c of ether ; 
from the extract, dried over sodium sulphate, the ether is 
distilled. The bulk of the residual liquid — yield, 85 grams 
—-distils between 145° and 14()°. It consists of glycol 
bromh\'drin. 54 4 % of tlie bromine is converted into 
ethylene bron^iydrin and 37 5 % into ethylcyc dibromide. 
The remainder is found as hydrobromic ^cid, which should 
be recoverable. 
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Preparation of Dicthylaminc . — From dietliylaniline : 
ethylaiiiliue, 50 parts, dissolved iu 148 parts of hydrochloric 
acid (sp.gr. i’i2) diluted with 75 parts of water, is diazotised 
w'ith a solution of j2 parts of .sodium nitrite in 52 parts 
of w’atcr, the 'temperature being ke])t at 0'^. The reaction 
mixture is allowed to stand for a short time, then run slowly 
into a boiling solution ol 85 parts of caustic soda in 2000 
parts of water, contained in a vessel provided with a con- 
denser and receiver. Diethylamine is distilled off and is 
oollected in an excess of h}'drochloric acid The boiling is 
continued for 45 minutes after all the nitroso bod\’ haS been 
added. 

The solution ot diethylamine hydrocliloride is tlfeli 
evaporated to dr> ness and the dry salt genth- w armed with 
strong alkali solution (40 % NaOH) w'hen the diethylamine 
which is liberated is distilled over and obtained pure by 
one further rectilication. B p. 55"-56 ' , yield, 75 % of 
theory. 

A promising alternative method for the jireparation of 
dielh}’lamine is base*d on 1 ). R. P. 105870. 

Toluene para-sulphonamide is ethylated by heating 
with two molecules of camstic soda in aqueous solution mid 
two molecules of ethyl chloride, in an autoclave at 8o°-*90°. 
Ethylation takes place, a diethyl compound being formed. 

CH3<y)>.SOjNH2 +2C2HJCI -f2NaOH 

CH3<73>SO2N(C2H5)2+2NaCl+2Hj0 

This, on heating with chlorsuli)honic acid, is decomposed 
into toluene siilphonchloride and dicth}dammc suli>houic 
tcid ^ 

-ch.Oso.ci+so,<^J.,h.,. 

from which diethylamine is obtained by distillation with 
dkali. 227 part^ of toluene parasulphondiethylamide are 
mixed with 130 parts of chlorsulphonic acid and heated 
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f«Cu2--3 hours at 130''- 150'’. After cooling, toluene sulphon- 
cliloride is extracted with a solvent (petroleum, benzene, 
or ether), tlie residue dissolved in water, made alkaline with 
caustic soda li{|uor, and distilled, whereupon diethylamine 
passes over and is absorbed in hydrochloric acid. 

Prcpayaiion of Dicthylaminoethanol 

OH-~CH2-CH2N(C2Hg)2. 

— 438 })arts (2 mols.) of diethylamine arc placed in a 
vessel ]irovided with a stirrer, an efficient reflux condenser, 
and a tap funnel, through which 375 parts (i mol.) of glycol 
bromhy drill are gradually added, the rate of addition being 
‘scroll that gentle sj)ontaneous ebullition takes place. Stirring 
is continued for some time after the glycol bromhydrin 
has all been added, and the reaction mixture is allowed to 
cool. The ])roduct consists of the hydrobromidcs of diethyl- 
amine and dietli3’laminoethanol, together with some 
diethylamine. Concentrated soda liquor (containing 140 
parts of NaOH) is added and the mixture stirred until all 
the solid has jjassed into solution. The upper layer, consist- 
ing of diethylamine and diethylaminoethanol, is separated 
and dried over solid caustic soda. The lower aqueous layer 
is extracted twice with ether. 

The mixture of bases is fractionally distilled, and 
separated into diethylamine (b.p. 55°-58°) and diethyt 
iininoethanol (b.p. i58°-i63°). The residue boiling 
163*^ contains a little diethylaminoethyl acetate 
hydrolysed by boiling with methyl alcohol and the 
aminoethanol separated by distillation. YieldL 84 % 
theor)u p 

V Para-nit robctizoyl chloride is prepared jpy ^jddisiiid 
para-nitro-toluene by boiling sodium bjpfOxnate a|| 
sulphuMc acid, and treating the resulting ]^|fi-nitro-ben™ 
acid with PCI5. The product is fractionM^^ separate^™ 
iistillation into phosphorus oxychlorid^ind para-^BH 
benzoyl chloride. 

Para-nitrofenzoyldidhylammeihanol 

Ai^< 3 >CO-OCH,-CH^(Cp),. 305 
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txy parts (i mol.) of diethylaminoethanol are mixed with 
parts (i mol.) of />-nitro-ben2oyl chloride. The reaction, which 
takes place spontaneously, is completed by heating the 
mixture for 2 hours at 120''. The solid product consists of 
the hydrochlohde of /)-nitrobenzoyl diethylaminoethanol. 

Para-aminobcnzolydiethylaminoeihanol (novocaine base). 
236.— The product of the above reaction is dissolved in 
water and concentrated hydrochloric acid, 800 parts, 
and treated gradually with 240 parts of granulated tin, 
tJie temperature being kept at 35°-4o‘'. -After reduction is 
completed the solution is freed from tin wdth HoS and llltered. 
It is made alkaline with sodium carbonate, when the base 
separates as an oil which presently crystallises. The mflS^ 
is separated and recrystallised from dilute alcohol, from which 
crystals containing 2 molecules of w^ater and melting at 51° 
are obtained. 

These are filtered off and neutralised with one molecule 
of hydrochloric acid. The salt obtained on evaporation 
crystallises from alcohol in needles melting at 156°. 

No'^ocaine is a white, od<^urless, crystalline powder, soluble ^ 
in an equal weight of water, giving a neutial solution. 
pos;^.‘b3es a prompt and powerful local anaesthetic action when 
injected subcutaneously. It is non- toxic and has no irritant 
action on living tissues. It is particularly useful in dental - 
practice. 

ANiESTHESINE, ethyl />-amino-benzoate 
NH2<(2^00C2H5. 165, 

—One molecular proportion of para-nitro-benzoic acid, pre-' 
pared by oxidising pure para-nitro- toluene, is dissolved in 
one IT 'jcule of concentrated aqueous caustic soda, an^' 
the solution added slowly to mols. of crystallised^ 
sodium sulphide heated at loo*^. The mixture is then 
boiled for 2 hours, the vapours being condensed and refluxed : 
[cf. D. R. P. 139568). The resulting solution is poured intO) 

mols. of diluted hydrochloric acid, and SO^ expelMi ; 
by boiling. Afterjiltering, sodium acetate, i J mols., is addedP 
The para-amino benzoic acid crystallises out on cooing 
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is estcritjcd in the usual manner by heating with 
alcohol and a mineral acid. The solution is neutralised, 
exc(‘ss of alcohol distilled off, water added, and the ethyl 
ester filtered off and recry stall] sed from alcohol. 

According lol). R. P. 147552, 10 parts of ethyl /)-nitro 
benzoate are mixed with 65 ]>arts of 40 % sodium bisulphite 
solution and 200 j^arts of water, and heated until all has 
passed into solution, which takes place in from \~i hour. 
The solution is evaporated down, or salted out, when 
the sodium salt of ethyl N-sulpho-/)-aminobenzoate is 
obtained (COOCJIs ' “ '''NHSt)3Na). This, when warmed 
‘ with concentrated hydroeliloric acid, gives SO, and ethyl 
/>-aniinobenzoate. 

Amesthesine is a white crystalline powder. M.p. 90 '’-91°. 
It is almost insoluble in water, soluble in alcohol or ether 
and olive oil Solutions in oil may be sterilised without 
decomj)osition. 

Amesthesine was introduced as a local anaesthetic, as a 
substitute for orthoform. Unlike that of cocaine, its action 
is purely local, not penetrating the mucous membranes. 

It is emjiloyed as a dusting powder or in an ointment for 
amesthetising wounded surfaces, .such as burns, and for . 
alla>ung the pain of ulcerative stomatitis, also in tuberculosis 
and malignant ulceration of the larynx and other regions. 

NIRVANINE (Diethylglycocoll /)-aminomethyl salicylate) 

NH-COCHoN(CoH5).> 

C00CH3<' > “ 280. 

(m 

Several methods for the preparation of nirvanine have been 
protected, of which the best would seem to be the one 
covered by D. R. P. 108027, which methyl ^amino sa]icy«*r/ 
late and diethylghxocoll-ethyl ester are condensed. ^ 

NHj V' ; 

COOCH3 ( “ > -f C2H60C0CH2N(C2H5) 2 

167 01^ 159 

^ nhcocH2N(C2h;i)2 

COOCHj<^ ‘ -f CJBfiOH 

280 OH ^ 
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Methyl ^-amiuo salicylate — For the preparation jd 
/)- aminosalicylic acid (D. R. P, 96853) 30 kg. of iiieta- 
nitrobcnzoic acid are dissolved in 250 kg. of sul]diiiric acid 
(sp.gr. I 84) and treated, at 5o'’~8o°, in the course of about 
4 hours, with'45-5() kg. of zinc dust. After standing for 
10 hours the reaction mixture is ])Oured on to ice, and the 
amido salicylic acid sul])hate tlltered oh and recrystallised 
from hot water. M.]). 334*^. It is csterilied in the usual 
manner by boiling with methyl alcohol containing sulphuric 
atici, and the ester isolated, after removal of excess of methyl 
alcoliol, by adding water and sodium carbonate. M4). 96°. 

Duih vilely cocoll r5/cz-— Chloracetic acid, 9’4 parts (1 mo) A 
dissolved in water, 5 parts, is added to 15 parts of 
dietliylamine, with stirring. The mixture is allowed to stand 
for 24 hours, after which an excess of HCl is added and the 
solution evaporated to dryness. A mixture of diethylamine 
hydrocliloride and diethylglycocoll hydrochloride is obtained. 
It is treated when dry with 40 volumes of absolute alcohol 
and HCl gas is ])assed in to the point of .saturation. After 
standing ovemigiit the mixture is distilled in order to remove 
exce.ss of alcohol, and the re.sidue is dis.solved in water and 
made alkaline with sodium carbonate solution. The ba.ses are 
extracted with ether and the .solution is dried over anhydrous 
sodium sulphate and fractionally di.stilled. Diethylamine 
is first recovered, mixed with ether, from wiiich it may be 
extracted with a further quantity of chloracetic acid and 
the dietli\ 1 glycocoll eth\ 1 ester is obtained as a fraction 
boiling at 1 77°. 

('ondensation of diethylglycocoll ester and \i-aniido methyl 
salicylate (D. R. P. 108027). — 5 parts of ^-amido methyl 
salicyla'./ and 2 -5 parts of diethylglycocoll ester anf 
mixed and heated together for several hours at i50®“i6o°, 
until evolution of alcohol can no longer be detected. The 
reaction ]iroduct is then dissolved in water, and made alkaline 
with sodium carbonate. The solution is now* acidified with 
acetic acid, thf ulrvmnine base extracted withvther and con- 
verted into the h>^drochloride, which is the slit commonly 
employed. 
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According to D. R. P. 106502, methyl /)-aminosalicy^ 
late is condensed, in benzene solution, with chloracetyl 
chloride, and the resulting methyl /^-chloracetylamino 
^ salicylate converted into nirvanine by heating with diethyl- 
amine. By a variation of this method, D. ‘R. P. 108871, 
/)-aniiiiosalicylic acid is reacted with chloracetyl chloride, 
and the product treated with diethylamine, when diethylgly- 
cocoll /)-amiiiosalicylic acid is produced and is converted 
into nirvanine by esterification with methyl alcohol andHCl. 

Nirvanine forms small white prisms, readily soluble in 
water. I^I.p. It is employed as a local ana:‘sthetic 

Jn surgical and dental operations. It has less toxicit}^ than 
'^caine and about half its ana?.sthetic action. 



Section IV.— ANTIPYRETICS AND 
ANALGESICS. 

• 

Prior to the introduction of synthetic remedies, quinine and 
aconitine were the chief active drugs emplo3'ed in reducing 
l^igh teirqierature. The introduction of the synthe^ 
remedies of this class, which are now so well known, has made 
it possible to attain this tlierajieutic object without the ill 
effects attendant on the use of substances as toxic as aconitine. 

Salicin, a glucoside of salicylic alcohol occurring in the 
bark of the willow, has also been employed for this purpose, 
thus leading to the use of salicylic acid, the first of the 
synthetic coal tar derivatives introduced into medicine. 
The methyl and phenyl esters and acetyl derivative of 
salic} lie acid later came into use ; the last mentioned, under 
the name aspirin, being now more widely employed than 
any other drug of this class. 

Antipyrine, which was introduced in 1884, has proved of 
great value on account of its positive action, but as this is 
frequently accopipanied by collapse, other and safer sub- 
stances of the type of phenacetin have found wide accept- 
ance. The first of these to be introduced was acetanilide. 
They are said to owe their activity to tlie formation of simple^ 
derivatt)^ of para-aminophenol in the tissues. If this* 
happen:, rapidly there is a tendency to collapse and the 
antipyretic action is too quickly over. Consequently, those 
members of this class which decompose gradually in the'bloodi ' 
5 u^ as phenacetin and lactophenin, are preferred to acet* 
milide and ^xalgin, which are regarded 28 dangerousf 
Phenacetin is the gara-ethox}d derivative of acetanilide ; thc; 
imthyl, propyl and but>d members of the series have beeti^ 

s 
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ft[ammed pharmacologically and found inferior to phenacetin. 
The N-ethyl derivative of phenacetin is said to be superior 
to phenacetin. 

The drugs of this class remove the symptoms of disease 
rather than its cause and their use as curative agents has been 
questioned. 

They are effective in reducing pain, and because of value 
in headache and in relieving rheumatic and neuralgia pain, 
they are much sought by the public apart from medical 
advice, not infrequently with untoward effects. 

ACETANILIDE (antifebrin) CgHgON. 135. 

CoHfiNH-COCH^ 

The method given by Muller, Clicm. Zeit. 36 {1912), 1030, 
1055, described in detail by Cain in The Manufacture of 
Intermediate Products for Dyes, page 51, is not suitable 
for manufacturing acetanilide of ])haniiacculical qualit)-, 
as the juoduct, on account of the high temperature attained 
(240^) and the length of time of heating, about 80 hours, 
is higlily coloured and difficult Lo ])urify. It is found better 
to mix together tlie whole of the ingredients, 500 lb. of 
aniline and 500 lb. of glacial acetic acid, in a steam jacketed 
enamelled still of 150 gallons capacity, and to heat the 
mixture at a temperature of 120^-125°, the heating being 
so regulated that practically no vapour passes over into the 
condenser. The progress of the acetylation is followed, 
after the lapse of 8-9 hours, by diazolising a portion of the 
reaction mixture, coupling with an alkaline solution of 
j 3 -naphthol or R-salt, and measuring the colour intensity, 
which indicates the quantity of aniline unchanged. When 
the test is negative, in 10-12 hours, vacuum is applied and 
as inucli acetic acid recovered as will readily distil off at 
120“ 

The residue is then blown into 200 gallons of water and 
allowed to cool. The crude acetanilide which separates is 
centrifuged, )he liltrate being employed to receive a further 
batch from the still. The acetanilide is recrystallised from 
boiling water, of which about 1000 gallons will be required. 
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using a good, decolourising cliarcoal. I'rom the filterea 
solution pure acetanilide crystallises out on cooling. It 
is separated by means of a centrifuge, washed with a little 
water and dried in a warm room. The liquors are used for 
the recr> stallisation of further batches of crude acetanilide. 

Acetanilide forms colourless, glistening ])lates, m.p. 

It dissolves in iqo parts of cold, in i8 jiarts of 
boiling, water ; in 12 parts of 60 % alcohol, and in 4 parts 
of 90 % alcohol. The solutions are neutral to litmus. 

Colourless solutions should be afforded in concentrated 
sulphuric and nitric acids, and a sample should leave no 
residue on ignition. Acetanilide is a powerful antipyretk*"’^ 
and is useful for treatment of the high temperatures of t>4>hoid 
fever, phthisis, acute rheumatism, and small])OX. It acts 
as an analgesic in neuralgia and other nerve affections. 

METHYLACETANILIDE OR EXALGIN C'oHiddN. J^<i. 

CeH^NCHaCt-lCHg 

ICxalgin may lx- ]>repared according to the method given in 
Btr. 10 , 328. h'our j)arts of ticetanilide are added to 25 parts 
of anh\ drous x\ lene containing i part of granulated sodium. 
The mixture is heated at 130 witli continuous stirring, 
for 2--3 hours. The .sodium salt of acetanilide is formed Eind 
separates in the form of a white gelatinous mass. After 
cooling, a slight excess of methyl iodide is added ; reaction 
sets in .sj)ontaneously, and is carried to completion by gentle 
heating. The mixture of methylacetanilide and sodium 
iodide is filtered off, washed with water, which removes the 
latter substance, and recrystallised from boiling water. In 
this solvent it is apt to form supersaturated solutions, wdiich^ 
requin ^eding with a cry.stal to induce cry.stallisation. 

It may also be made by the interaction of pure mono- 
methyl aniline with acetj ! chloride or acetic anhydride. 

Hxalgin cr>'stallises in colourless prismatic needles. 
M.p. 101 It is soluble in 50 parts of cold water, in 2 
parts of 90 % alcohol, and in 4 parts of 60 % Jnohol. 

Hxalgin resembles acetanilide in its action ; iris employed 
as an analgesic, in neuralgia and toothache. 
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PHENACETIN (acetphenetidine) CjoHigOaN. 179. 

CoHfiCX^^NHCOCHs. 

Phenacetin is prepared either by the acet}'l(ition of para- 
phenetidine C2H50CflH4NH2, or by ethylating /)-acetatnmo- 
phenol OHC6H4NHCOCH3. 

^-Phenetidine can be prepared either by the reduction 
of para-nitrophenetol, produced by the ethylation of 
para-nitrophenol, or it may be formed by the reduction 
of /)./)- die thoxyazobcnzol QC2 Hq<^^ — N <^^OC2H6 . 
Xhe latter process will be given first, after which will be 
described various technical methods for preparing para- 
nitrophenol, and for its conversion into /j-nitrophenetol and 
/>-phenetidine respectively. 

From Phenetidine. — Preparation of \y\y ’dicthoxyazohenzol 
and Us reduction to \yphcnetidme. — The process consists, 
in essence, in the conversion of i mol. of phenol and 
I mol. of phenetidine into 2 mols. of phenetidine. 137 
kilos of para-phenetidine are * dissolved in 200 litres of 
water and 37 5 kilos of 20 % hydrochloric acid. The 
mixture is maintained below +6°, and diazotised with al 
solution of 6 '3 kgs, of sodium nitrite dissolved in 50 litres w 
water. The diazo solution is then allowed to flow, wi® 
stirring, into a solution of 9*5 kgs. of phenol and 20 kgs.^W 
sodium carbonate, cr>'st. in 350 litres of water. In the coi^H 
of an hour ^-ethoxy-/>-oxyazobenzol separates, in 
tative yield. M.p, 104*5'’. 

C2H50CeH4NH2 CiH60CaH4N=NCl+CflH60H - 

137 184-4 ^ 94 

-> C,H60CeH4N=#FCeH40H 

24 ‘2 kilos (i mol.) of />-ethox>"-/>-ox^^si|j(^^ are 
dissolved in 100 litres of alcohol containi^^ Idles (i mol.)5 
of caustic soda and heated, in a lead-li|j|^. autoclave,* at 
90°''ioo'’, f (4 5~6 hours, with 7 kilos mol.) of 
chloride. After cooling, the ^-^-dipioxyazobenzol ^ 
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filte^d, the filtrate being used in another operation. 
of diethoxy azobenzol, 156'’. 

C2H6OC6H4N =:N -CoH^OH +C2HfiCl +NaOH 
242 ; 644 

-> C2H50C6H4N-NC6H40C2Hfl+NaCl+Hj0 

270 

Ten kilos of />-/)-diethoxy azobenzol are mixed with 50 kgs* 
of 20 % hydrochloric acid and reduced with 6 kilos of 
granulated tin. When all has dissolved, the reaction liquor 
is made alkaline with caustic soda solution and the 
/)-phenetidine distilled over by means of superheated steam 
(i6o^»i8o"). {Sec D. R. P. 48543.) 

CjH 50 C«H 4 N:-NCeH 40 C 2 Hs+ 2 Hj 2CgH4(^^^ 

270 274 

Preparation of \)-phcn€tidinc from p-nitrophcnoL — p-iVt/fo* 
phenol 0H!(3n 02 is now prepared technically by heating 
with caustic alkali solutjon or lime, para-chlomitro- 
benzene C1<^^~^NQ2, which is a product of the nitra- 
tion, of chlorbenzol. It can be readily obtained pure by 
distillation. 

Particulars of the older method, by which phenol is 
nitrated directly, are given by Barnett (Coal Tar Dyes and 
Intermediates, p. 25). A mixture of the ortho- and para- 
isomerides is formed, and separated by distillation in super- 
lieated steam, ortho-nitrophenol being volatile, para-nitro* 
phenol non-volatile. 

Para-nitrophenol can also be prepared (D. R. P. ^1314! 
by CO" Sensing phenol with para-toluene sulphonchlorid# 

to CH3<(2^S020 C<jH 5, which, on nitration, affords the 
^nitrophenyl ester of o-nitrotoluene-/>-sulphonic act4i 
CH3<[|^^S02Q^^N02. This compound, on heating 

. i 

caustic soda solution, is resolved into para-n%rophend arfi 
intho-nitrotoluene-para-sulphonic add. 
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Ethylation of Y-Nitrophenol.’—iz^ parts (i mol.) of para- 
nitrojjhenol arc dis.solvcd in 400 parts of 10 % caustic soda 
solution and tlic mixture is introduced into a lead-coated, 
steam-jacketed autoclave provided with an efficient stirrer. 
Klh\l cliloride, 70 parts mol), is introcfuced, and the 
mixture lieated under pressure at 90'^- 100° for 7-8 hours. 
The /)-nitrophenetol is fdtered off after cooling, washed first 
witli 5 % caustic soda .solution, to remove anv unchanged 
/)-nitroj)heiioI, and then with water. It is passed on for 
reduction in the next stage without being dried. 

RcdiiLtion of \)-Nitrophenctol to \^-Phcnctidiuc , — This 
o[)eration is carried out in a similar way to that of the 
reduction of nitrobenzene to aniline, witli iron and hydro- 
chloric acid. A cast-it-on still is employed, which is provided 
with stirring gear, a manhole for the introduction of the 
materials, and a pipe for admitting live steam. 

A mixture of 1000 j)arts of y^-nitropheiietol, 2000 parts 
of water, and 60 parts of hydrochloric acid (s]).gr. I’l^) is 
introduced into the ve.ssel and heated by direct steam to 
about 6()‘'. With continuous, stirring 100 lbs. of iron 
turnings are introduced, followed by a further 900 lbs. in 
])ortions over a period of 3-4 hours. The temperature is 
then raised gradually to about 90^, at which it is 
maintained until the reduction is com])leted. The whole 
operation occupies about 8 hours. Heating and stirring 
are then stopped, and the supernatant acpieous liquor 
siphoned ofT from the iron-ironoxide-phenetidine slud^. 
A portion of the liquor is utilised for a further reduction ; 
tlie remainder is either discarded— the amount of phenetidine 
contained in it being very small — or, if a separate steam 
•generator is employed, is vaporised and used mther in 
tlie heating uj) of another charge or in the removal of the 
phenAidine from the sludge. This is effected by dj^lation 
in a current of superheated steam, at i6o°-i8o°, at which 
temperature phenetidine is readily volatilised. It distils 
over as a clear colourless oil, which is separated meclianically 
from the aqiitous layer of the distillate. ^ 

The reduction of />-nitrophenetol may also be carried ou^ 
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by means of sodium sulphide, the reaction proceeding 
according to the following equations. (D. R. P, 139568.) 

R NOo I NaaS fll.O R NII. j NuoSOa (at no") 

4 RNO. l-7H20->4R-NHo-f3Na2S203--l-6Na0H 

(at lower temj)cratures). 

Crystallised sodium sul])hide (Na2vS-ioIl2()), parts, 
is fused in a jacketed iron vesscd. provided with a stirrer 
and a rellux condenser, and heated to boiling jmint (108°- 
no ). Nitrophenctol, i i)art. is added, and the mixture 
vigorously l)oiled. The reduction is complete when a test 
j)ortioii, after acidilication with hydrochloric acid, aflords no 
extract to ether. The phenetidine may either be distilled 
with superheated steam, or se])arated mechanically from the 
sulphite liquor and ])urilied by direct distillation in vacuo. 
{FigM5) 

This method of reduction is more costly, in materials, 
than the one with iron and acid, but the isolation of the 
product is attended by fewer mechanical dilTiculties. 

Acciyiaiion of p-P/no/c/y/uic.— The preparation of acet- 
/)-phenetidinc (phenacetin) is similar to that of acetanilide. 
Ivlual weights of distilled phenetidine and glacial acetic 
acid are heated together at the boiling point of the mixture 
in an enamelled or silver-lined still imtil the diazo test shows 
that it is free from unchanged amine, which should be in 
about 10 hours. As much of the excess of acetic acid as will 
distil over in vacuo at about 120" is then recovered and 
the residue di.ssolved in boiling water, from which, after 
treatment with chaicoal, iiltering, and cooling, greyish- 
tinted crystals of phenacetin .separate. These are centri- 
fuged i4ad washed with water. It is purified by reciy stal* 
lisatioii from boiling water or from 60 % alcohol, using 
animal charcoal to decolourise, and adding a little SO2 
to the filtered solution, to prevent oxidation during crystal- 
lisation. 

From ]>A^claminophenol. — Preparation of para-acetamino- 
phenol.—Th^ preparation of para-aminopher^)! by the re- 
duction of para-nitrophenol, using tin and hydrochloric add, 
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ias been described by Paul {Zeils. angew. Chem. 1896, 9, 594). 
^ A cheaper method is to employ sodium sulphide. One part 
of />-nitrophcnol is boiled with 3 parts of crystallised sodium 
sulphide for an hour, when reduction is complete. The 



product is poured, with stirring, into a slight excess, 5 parts, 
^hydrochloric acid solution (sp.gr. 1*14). The mixture isl 
to boiling point and filtered. On cooling, />-ainmo-j 
phenol hydrechloride cr>’stallises out is separate!]^ 
The filtrate, after being concentrated until salt 


Fig. I -Vacuum Still with stirrer for nhenetiHine Mantr»vr#» 
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to separate, affords on cooling a further small crop of thf 
hydrochloride. 

Another method for the preparation of /)-aniinophenol 
consists in reducing para-nitrosophenol, also with sodium 
sulphide. 

p-Nitrosophenol.—ln a wooden vat provided witli an 
efficient stirrer is prepared a solution of 520 Ib. of sodium 
nitrite in 100 galls, of water. This is cooled to +5° by 
the addition of ice and to it added slowly, simultaneously » 
and in equivalent quantities, a cold solution of 560 lb. of 
phenol in 56 lb. of water, and 400 lb. of sulphuric acid 
cone., diluted with 800 parts of ice. The temperature is 
kept between 4° and 7° by the addition of ice. After the 
addition is completed stirring is continued for an hour, 
after which 10 cwt. of salt is dissolved in the solution. 
The precipitated nitrosophenol is then centrifuged or strained 
off and washed with salt solution. It is reduced by being 
added gradually to a stirred mixture of 15 cwt. of sodium 
sulphide cry St. and 120 galls, of water. The temperature 
during addition of the nitjosophenol is not allowed to rise 
above 30° ; after all has been added it is raised to 70*! 
The reduction liquor is then allowed to flow, with stirring, 
into 160 galls, of 25 % hydrocliloric acid. The solution, 
which contains /)-aininophenol hydrocliloride, is filtered, 
after cooling, and the base precipitated by' addition of soda 
ash. It is pressed off, washed with water, and purified by 
dissolving it in hot diluted sulphuric acid, from which cry'Stali 
of pure aminophenol sulphate separate on cooling. Thh 
salt is only sparingly soluble in cold water. The filtrate^ 
after addition of more sulphuric acid, is employed fm 
dissolv^ a further quantity of the base. 

. etyUUion of i^Aminophenok — An amount of the crystal^ 
lised hydrochloride or sulphate containing 100 parts bi 
^•aminophenol is mixed with water and the quantity ^ 
soda ash necessary to liberate the base is added. The mixriu^ 
. is well stirred, cooled ip 10®, and 100 parts of aceth 
anhydride {1*00 added, in small quantiles at a tim^ 
the temperatture being kept at about 10° by the addirii^ 
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9f ice. Stirring is continued for an hour after the anhydride 
has all been added, after which the precipitate of para- 
acetaniinoplienol is centrifuj^ed off and washed with a little 
water or salt solution. The filtrates are neutralised with 
sodium carbonate, and any ba.se that is precipitated reacetyl- 
ated with another batch. The liquors may be evaporated 
down and the acetic acid recovered. 

TIk' acetaminoplienol should be practically colourless 
and should melt at i67"’-i6q°. 

hthylaiion of \)-accta}ninophcnoL — A quantity of moist 
/)*acelaminophenol, containing 151 parts of the dry material 
(iniol), 120 ])arts of ethyl bromide (ij\, mol.), 40 ]mrts 
of caustic soda (i mol.), and 400 ])arts of alcohol (vS.V.M.), 
and recovered alcohol from a previous batch are refluxed 
together for 8 hours. Excess of ethyl bromide and alcohol 
are then di.stilled off and the re.sidue dissolved out in boiling 
water. The solution, after filtration, is allowed to cool. 
Phenacetin crystallises out. a pinkish-grey product, and is 
centrifuged off. hToiii the liquors alcohol is recovered by 
distillation, and they are then* evaporated down for the 
recovery of sodium bromide. 

The crude phenacetin is purilied by a further crystallisa- 
tion from water, or from 90 % alcohol (vS.V.M.), charcoal and 
Sf )o being emj^loyed as decolourising agents. 

Phenacetin is usually sold in the form of white glistening 
crystalline scales. M.p. 134°. It dissolves in 1700 parts 
of water, when cold, and in 50 parts of boiling water. In 
cold qo % alcohol, it is .soluble to the extent of i in 21 ; and 
in cold 60 % alcohol, i in 100. 

Phenacetin should dissolve without the fonnation even 
a transitory colour in concentrated sul])huric a4*id. A 
mixture of 0*3 gram with i c.c. of alcohol and 3 c.c. of water 
slioul(f not acquire a red colour on boiling with i drop of 
N 

— iodine solution (absence of phenetidine). No residue 

should be left after ignition of a sample. ^ 

Phenacetin^ is a most widely used anti^jy retie and anal- 
gesic, and has a notable freedom from injurious action. 
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It does not produce nausea, and has but a slight depressant 
action. Phcnacctin is administered for the relief of pain 
in neuralgia, rheumatism, locomotor ataxia, etc., and as an 
antipyretic in^influenza and in fevers generally. 

LACTOPHENIN (Lactyl ])henetidinc). 

c Jigo ; “ nii(cochuhch 3 ). 20^. 

Tlie following methods of ])reparation of this substance have 
been described: by heating phenetidine lactate (D. R. P. 
70250), by condensing lactamide with /)-])henetidine (1). R. P. 

i by tTcating with sodium acetate the condensation 
product of /)-phenctidine and a-brompropionyl bromide 
(]). R. P. 85212) ; and by ethylating lachl /)-aminophcnol 
(I). R. P. 'K)5')3). Of these the first is the only one likely to 
lx* employed in practice. 

Ten kilos of phenetidine lactate arc heated slowly to 180° 
in an (‘iiamelled vessel, in vacuo, and maintained at this 
temperature until water is no longer evolved. The reaction 
mixture is poured into 200 litres of waiter, which is boiled 
until solution is complete* Charcoal is employed to de- 
colourise the solution, from which, after filtration and cooling, 
the lactyl /)-phenelidine crystallises out. If still coloured 
it is recrvstallisc'd from dilute alcohol, again with the use of 
charcoal. Lacto|)heniii is a wdiite crystalline ])Owder. 
M p. n7''-ii8y It dissolves in 55 parts of boiling, and is 
sparingly soluble in cold, w'ater. 

The solution in pure sulphuric acid should be colourless, 
hactojihenin should give no reaction for para-phenetidine, 
which is tested for by boiling 5 c.c. of a .solution in 25 % 

alcohol with i drop of ^ iodine solution, when no red coloura- 

tion Siiould be developed. 

hactophenin is antipyretic and analg(*sic, similar in action 
to phenacetin but stated to have a more marked hypnotic 
action and not to affect either the circulation or the respira- 
tion. It is. employed in migraine, en sipelas, nervous 
headache, and ^le neuralgia of influenza. ^ It is stated 
to attain its maximum activity in a very short time, 
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9f ice. Stirring is continued for an hour after the anhydride 
has all been added, after which the precipitate of para- 
acetaniinoplienol is centrifuj^ed off and washed with a little 
water or salt solution. The filtrates are neutralised with 
sodium carbonate, and any ba.se that is precipitated reacetyl- 
ated with another batch. The liquors may be evaporated 
down and the acetic acid recovered. 

TIk' acetaminoplienol should be practically colourless 
and should melt at i67"’-i6q°. 

hthylaiion of \)-accta}ninophcnoL — A quantity of moist 
/)*acelaminophenol, containing 151 parts of the dry material 
(iniol), 120 ])arts of ethyl bromide (ij\, mol.), 40 ]mrts 
of caustic soda (i mol.), and 400 ])arts of alcohol (vS.V.M.), 
and recovered alcohol from a previous batch are refluxed 
together for 8 hours. Excess of ethyl bromide and alcohol 
are then di.stilled off and the re.sidue dissolved out in boiling 
water. The solution, after filtration, is allowed to cool. 
Phenacetin crystallises out. a pinkish-grey product, and is 
centrifuged off. hToiii the liquors alcohol is recovered by 
distillation, and they are then* evaporated down for the 
recovery of sodium bromide. 

The crude phenacetin is purilied by a further crystallisa- 
tion from water, or from 90 % alcohol (vS.V.M.), charcoal and 
Sf )o being emj^loyed as decolourising agents. 

Phenacetin is usually sold in the form of white glistening 
crystalline scales. M.p. 134°. It dissolves in 1700 parts 
of water, when cold, and in 50 parts of boiling water. In 
cold qo % alcohol, it is .soluble to the extent of i in 21 ; and 
in cold 60 % alcohol, i in 100. 

Phenacetin should dissolve without the fonnation even 
a transitory colour in concentrated sul])huric a4*id. A 
mixture of 0*3 gram with i c.c. of alcohol and 3 c.c. of water 
slioul(f not acquire a red colour on boiling with i drop of 
N 

— iodine solution (absence of phenetidine). No residue 

should be left after ignition of a sample. ^ 

Phenacetin^ is a most widely used anti^jy retie and anal- 
gesic, and has a notable freedom from injurious action. 
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■ Protection was refused for a method whereby antipyrin* 
was claimed to be formed in one operation, by heating under 
pressure a mixture of phenj’l hydrazme, acetoacetic ester, 
sodium methjl sulphate, sodium iodide, and methyl alcohol 
containing a little hydriodic acid. 

According to D. R. P. 69883, i-phenyl-2-methyl-5-pyra- 
zolone can be obtained by combining phenyl hydrazine and 
oxalacetic ester, methylating the product (phenylpyrazolone 
carbonic acid ester), saponifying and splitting off carixm 
dioxide; alternatively the condensation product {2) is 
saponified, COj split off, and the resulting body methylated. 


K,i.i V,I _Lrr,^CH,— COOEt . 


C,H5NHN=C< 


CH,COOHt 

COOEt 


(I) 


1 

“> C.H.N— iNH— (>-COOEt C^UgN-N-C^COOE^ 

1 II J 11 

to CH CO CH 


-CH 
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CiE 
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CH, 


N— C— COOH CH C,H,N-~N-~^CH, 


CO— ■ 
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■CH 


L- 


11 

-CH 


(5) 


io CH 

Antipyrloc, 


I From Phenyl Hydrazine and Acetoacetic Ester (seeD. R. F 
^26420). —Pure acetoacetic ester, I20 kgs., mixed with 
kgs. of 85 % alcohol, is allowed to flow% with cooling aiM 
stirring, into loo kgs. of phenyl hydrazme which has beei 
freshly distilled in vacuo and dissolved in benzene. The react 
ing substances are in practically equivalent proi^ortions, tb 
phenyl hydrazine being in very slight excess. It is statei 
that an excess of either is detrimental ; if of the ester, J 
yello’v^coloured pyrazolone is produced whicli gives m 
to an antipyrine that becomes coloured by the action of light 
if of phenyl hydrazme, the required condensation produ^ 
is oxidised to a 6is-phenylmethylpyrazolone. The mixt^ 
is boiled for a short time under a reflux, tlie solves 
then distilled ofl and the residue is allowed to cool, whehi 
crystalline mass of i-phenyl-s-methyl-s-pyrasudone separaW 
5 It is dissolved in hot water, filtered from coloured impuiiti«| 
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illowed to cryslallise, and rccrystallised from alcohol. 
M.p. 127 . 

The phenyl-metli\ I-pyrazolone is methylated with methyl 
chloride or metliyl bromide in methyl alcoholic solution, 
at a slight excess of the meth3lating agent 

being eniplo\ ed. This operation is conducted under pressure 
in an autocla\ e fitted with stirring gear. After distilling 
off the alcohol the reaction product is dissolved in water, 
made slightly alkaline with sodium hydroxide solution, 
the alcohol and unchanged methylating agent are recovered, 
and the anti]i3Tine is extracted with benzene. It is purilied 
by recrystallisation, lirst from benzene, then from water, 
charcoal being employed to decolourise the solutions. 

Antip3Tine is sold in the form of colourless crs stalline 
scales or as a white powder. It is odouiless, and jiossesses a 
slightly bitter taste M.p. iij'\ 

vSoluble in i [ ])arts ol water. ver3 readih also in alcohol, 
chloroform, and benzene The a<|ueous vsolution should be 
neutral to litmus and should not be affected by In drogeii 
sulphide svjlution i 

Antip3 rine is a valuable analgesic and anlip3 letic. It is 
cmpkn-ed in iieiualgia. gout, rheumatism, and other painful 
affections, and is used to reduce temperature in febrile disease. 

It is stated to be a good uterine sedative ; also to relieve 
sickness. Antip3 rine should not be administered to subjects 
of cardiac weakness, on account of its depressant effect.., 
To counteract this it is fre(|uently prescribed in conj unction 
w’ith caffeine. 

Combinations with aiitipyrine which have found consider- 
able acceptance are antipyrine salicylate — salipyrinc, and 
"^bhloral and antipyrine— /iv/onY/. • 

PYRAMIDON (4 - dimethyIammo-i“phenyl-2.3-dimethyl 
pyrazolon) CisHnONs* 231. 

CoHo 

I 

N 

CHj N-' \:0 


CH3 C-- CN(CH3)j 
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Pyramidoii is obtained by the following series of reactions:--^ 
Antipyrine is converted into its nitroso derivative, which is 
reduced to the corresponding amino compound. This is 
methylated, dither by treatment with a inetli} ! halide, or 
by condensation with chloracetic acid follo\^^"d by subse- 
quent elimination of CU2- 


1 



1 

N 

N 


CH3N ^ 



1 i 

CH3C~~CH 

1 1 

CH3C -CNO 



1 

Cull., 

1 


1 

N 

1 

N 


OH3N \'0 Cllal' 

s ) 


I i II 

CllaC CN1I> CHa-C-- CNlCHajz 

Nitrvso-antipynnc is j)rei)ared (.1;/;/. 238, 212) by dis- 
solving antipyiiiie in one .molecular proportion of dilute 
aqueous hydrochloric acid and treating, whilst cooling and 
Stirling, with the calculated quantity (i mol.) of sodium 
nitrite. The nitro.so compound separates as a green erystal- 
line precipitate, wliich is filtered off. 

Nitroso-antipyrine is slightly soluble in water, alcohol, or 
chloroform ; it dissolves in acids, and is repre('i])itated on 
neutralisation. On heating it decomposes at 200 '. 

Amino-antipynnc (D. R. P. 71261) 

I 

N 

CH 3 N CO 

I I 

CH3 C - C NH2 

Nitroso-antipyrine, 100 parts, is suspended in a mixture of 
100 parts of ^ater, 500 parts of alcohol, and 200 parts of 
10 % acetic acid jnd reduced by the gradual addition of zinc 
dust. The temt)erature is kept below 40“ by cooling. 
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V/ When the nitroso body has all disappeared and the 
solution remains only slightly coloured, 48 parts of benzalde- 
hyde, dissolved in 200 parts of 10 % acetic acid con- 
taining 20 % alcohol, are added, when tlfe benzylidene 
compound of amino-antipyrine separates. After standing 
for some time the crystals are filtered off, washed first with 
50 % alcohol, then with water acidified with acetic acid (to 
remove the zinc acetate), and dried. The product is 
recrystallised from alcohol, from which it separates in the 
form of yellow, shining leaflets. M.p. 173°. 

The benzylidene compound is decomposed into benzalde- 
hyde and amino-antipyrin hydrochloride by agitation with 
dilute hydrocliloric acid and benzene. The acid layer is 
separated, neutralised, and concentrated ; then, after 
cooling, made alkaline with sodium carbonate and extracted 
with benzene or toluene, which removes the base. 

Ainino-antipyrine crystallises in ^•ellow needles. 

M.p. 

Mcihylation of Aniino-anUpyrinc.—(a) With methyl iodide 
(1). R. ?. 9 ()() 59 ).— According to the patent specifleation 
I kg. of amido-antipyrine is heated for i hour at with 
I kg. of methyl alcohol and i kg. of methyl iodide. The 
alcohol is distilled off, and the residue dissolved in w ater, made 
alkaline, and extracted with iKmzene. The solvent is distilled 
off and the pyramidon rccr>^staliised from light petroleum. 

In I). R. p. 1 1 1724 it is stated that in carrying out the 
methvlation as above the quaternary methiodide is always 
produced together with the required tertiar>' base. This is 
converted into pyramidon by either of the foUowinc 
methods ® 

(i) 10 parts of dime thy lamino-pheiiylpyrazoloae meth- 
iodide ^are heated under pressure with 40 parts of alcohol 
at 140 Vor I day. After cooling, any unchanged methiodide 
IS Altered off and tlie pyramidon extracted, after removal of 
alcohol and alkalisation, with benzene. 

{2) The methiodide is heated with an equiv^dent quantity 
of sodium ajtjtate, in aqueous solution, at 150^-160° for 
I da#^. 
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Alcohol may be used by preference, the reaction being 
carried out at 140°. The pyramidon is extracted with 
benzene as above. It is to be noted in connection with this 
methylation, lhat considerably less than the theoretical 
quantity (2 mols.) of methyl iodide is stated to be used. 
At the same time it seems uulikel}' that, at the tem- 
perature given, methyl alcohol would act as a meth}'lating 
agent. 

(b) With chloracctic acid (D. R. P. 144393). — 9*45 kgs. 
of chloracetic acid are dissolved in 25 litres of water, 
and gradually neutralised with i6'8 kgs. of sodium car- 
bonate ciy’st. Amino-antipyrine, 10-15 kgs., is then added;^ 
and the mixture boiled, under a reflux condenser, for 2 
hours. It is then cooled to 20° and treated with 2*37 
kgs. of chloracetic acid, 4 3 kgs. of sodium carbonate, and 
2-1 kgs. of sodium bicarbonate, and boiled for a further 2 
hours. 

The completion of the reaction is ascertained by the 
following tests : 

Absence of umino-aniipyi^ine , — A small te^t portion is 
diluted with water, cooled with ice, and treated first with 
^HCl and then with sodium nitrite solution. Excess of 
nitrous acid is destroyed by the addition of urea, and the 
solution then added to an alkaline aqueous solution of 
R salt, when only a faint red colouration, or none, should ^ 
be produced. 

Test for absence of the monoacetic acid derivative , — 
Several cubic centimetres of the solution are made faintly 
acid with acetic acid, heated to 50° and extracted with 
chloroform, in which any mono-compound will be dissolved 
and ob^ lined on evaporation of the solvent. 

Cl iHiiN^ONHs +2CHgaCOONa 

The total i;^action mixture is now transferred to an 
^enamelled antoclav^, treated with 2*85 kgs. of 24 % hydro- ; 
add (3i mols.) and heated for io~i2 hours at 120® ; 

9 
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to 140 Considerable pressure is present after coolii^, 
owing to the liberation of CO2. 


CiiHuN^ON 


CHXOOH 

CH2COOH 




2C02+c„]!„N20N<:™» 


After cooling, 25 kgs. of caustic soda are added, when a mass 
of w'liite cr>’stals separates. These are hltered off and the 
filtrate extracted three times with benzene. The cr^'stals 
also are dissolved in the benzene, the solution is dried over 
potassium carbonate and the solvent distilled off. The 
pyramidon thus obtained is purified by recrystallisation 
from light petroleum. 

As a modification of the above method i molecular 
piojiortion of amiuo-anti])yrine, 2^ mols. of chlor- or brom- 
acetic acid and mols. of crystallised sodium acetate are 
heated together for 2 hours at 100'', followed by r hour at 120°. 
The mixture is then diluted with 2- 3 volumes of water, 
tieated with 3J mols. of sulphuric acid, and saturated with 
salt, when the diacetic acid derivative comes out in the form 
of a thick, gummy syrup. This is vSeparated, and boiled with 
I mol. of sulphuric acid and 6 vols. of water, mitil evolution 
of CC)2 has ceased. The pyramidon is then precipitated, as 
in the former example, by saturating the solution with 
caustic soda. 

Pyramidon is a white, or yellowish- white, crystalline' 
powder. M.p. 108°. It dissolves in ii parts of cold water, 
and is readily soluble in alcohol, ether, and benzene. 

Py ramidon is antipyretic and analgesic, like antipyrine, 
and is effective in smaller doses. It is claimed to be coilipara- 
tively free from harmful action on the blood, heart, or kidneys. 

It is employed in acute febrile conditions Incident to 
typh^d fever, pneumonia, and eiysipelas ; also in treatment 
of high temperature caused by tuberculosis. It has also 
been used in asthma of reflex origin. 

BENZOIC ACID C 7 He 02 . i22.>-(C6HoCOOH). Benzoic add 
is formed during the production of benzaldehvde from toluene 
(see Barnett, Coal Tar Dyes and Intermediates, p. 79), and the 
commonly employed method of manufacture is as follows : — 
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Chlorine passed through lead i)ipes, is bubbled through 
rectified toluene healed to iio^, in an earthenvvare-hned 
or lead-lined cast-iron vessel, until it possesses, at 15'’, a 
specific gravit^ of I J5. The product consists mainly of 
benzotrichloride C6H5CCI3, admked with some benzal 
chloride C6H5CHCI2. Iron must be carefully excluded from 
the apparatus, as ferric chloride acts as a catalyst and 
causes the chlorine to enter the nucleus, with formation of 
clilorotolucnes. It is necessary* that both toluene and chlorine 
should be dry, since moisture also facilitates nuclear sub- 
stitution The li\ drochloric acid which is evolved and 
volatilised toluene are condensed in earthcnw^arc condensers 
and washing towers. 

Under the above conditions it is not necessary to employ 
a carrier, for wUicli phosphorus trichloride has been recom- 
mended, or to conduct the chlorination in ultra-violet light, 
though the latter procedure is said to be advantageous in 
accelerating the reaction 

Sixty kgs. of benzotrichloride are added to 200 kgs. of 
milk ol lime, containing 34 -kgs. of CaO, and 20 grams 
of iron powder, in a cast-iron vessel, fitted with 
^stirring gear and connected to a condenser. The mix- 
ture is heated b}* direct steam to ^0 , at which point 
the temperature rises sj)ontaneously ; the water and 
benzaldeliyde commence to distil and are allowed to rellux. 
WTien the reaction comnieiices to slow dow'ii, direct steam is 
again applied, and the benzaldeliyde is distilled away. 

The operation takes (y-io hours. The residual liquid is 
filtered, transferred to a wooden vat fitted with a stirrer, and 
acidified with hydrochloric acid to precipitate the benzoic 
acid. 0 his is filtered off after cooling and purified by 
recrystahisation from water, or by sublimation after drying. 
In Fig. 16 is showm a plant for the sublimation of benzoic 
acid. 

Another method for the preparation of benzoic acid, 
based on the formation and oxidation of benzyl alcohol,' 
is given in E. 116348/1917. Toluene, 92* parts by 
weight, is chlorinated at its boiling point until the density 
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at 15° is I 1 1 , the bulk of the product being at this sts^e 
benzyl chloride. It is then boiled, in an iron vessel provided 
with a reflux condenser, for 2 hours, with a quantity of lime 
or caustic soda equivalent to the chlorine usoiU, e.g. 400 parts 
of 20 % caustic soda. A solution of sodium or calcium 
hypochlorite, e.g. 2030 parts of calcium hypochlorite solution 
containing 7 % of available chlorine, is added in the course 
of 3 hours, and stirring is continued for a further 3 hours, 



Fig, 16.— Benzoic acid sublimer. 


after which the mixture is distilled imtil free frccn toluene.^ 
The residual alkali benzoate solution is filtered, and th|j 
benzffic acid precipitated with hydrochloric acid, dried 1 
volatilised. The important object to attain in manufacti 
benzoic acid for pharmaceutical purposes is freedom 
chloro compounds. 

Benzoi^ add forms colourless, feathery, almost odSfSI 
less crystals, melting at 121-4®. It is soluble in 390 partf^lij 
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cold, and in 12 parts of boiling water ; in 12 parts of benzene#^ 
and in 2J parts of 90 % alcohol. It should be free from 
chloro conipou^nds, detected by igniting a portion with 
chlorine-free lime or calcium carbonate, dissolving the residue 
in nitric acid and adding silver nitrate solution. A solution 
in pure concentrated sulphuric acid should not become 
darker than light brown on warming, and the colour of 2 
drops of I % potassium permanganate solution should not 
be immediately destroyed by 0 2 gram of the acid suspended 
in 10 c.c. of water. 

Benzoic acid is employed as a disinfecting expectorant 
in cases of phtliisis and chronic bronchitis ; also in chronic 
cystitis, to acidify and disinfect alkaline and decomposing 
urine. It is excreted partly as hippuric acid but partly 
unchanged. It is frequently administered in the form of 
its sodium or ammonium salt, since these are less irritating 
to the alimentar>' canal. The acid also possesses antij)yretic 
properties, and is prescribed in acute rheumatism. 

__OH 

SALICYLIC ACID ^COt)H (orthohydroxybenzoic 

acid). 138. — For the preparation of salicylic acid, sodium 
jihenate is combined with carbon dioxide, forming sodium 
phenyl carbonate, which, on heating, is converted into 
sodium salicylate. 

CeHjONa+COj -> C»HsOCOONa 

The operations comprise : — 

(1) The preparation of dry sodium phenate. 

(2) Carbonation and conversion to sodium salicylate. 

(3) ? separation and purification of salicylic acid. 

It is essential that the sodium phenate should be finely 
, powdered and that it should be absolutely free from moisture. 
As, when hot, it readily oxidises in the presence of air, it is 
Advisable to conduct the operation of drying and powdering 
m a shallow vadium pan fitted with powerful stirring gear, 
Mmilar to that shown in Figs. 17 and 18. Im order to 
the risk of the dried phenate absorbing moisture 
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when handled, it is desirable to carry out the drying and 
powdering in a vessel so constructed that the dried product 
can be transferred, without exposure, to the vessel in which 
the carbonation is to be conducted, Th/ most suitable 
type of j)lant for the latter purpose is a horizontal jacketed 
steel autoclave, provided with powerful rotating stirrers 
wliieh seia])e tlie sides (Figs. 19 and 20). An inlet pipe for 



17. — Vacuum drj'f r. 


the introduction of the carbon dioxide is required ; also an 
outle^ to a condenser and receiver (provided with a sight 
glass) which is connected with a vacuum pump, so that the 
phenate may be submitted to a final diy^ing before carbona- 
tiou commencc*s. Either cold water or steam at 60 lbs. 
pressure can be circulated through the jacket. 

Phenoh is dissolved in the calculated qtiantity (i mol.) 

40 % caustic soda solution and the mixture introduced 
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into the vacuum pan, in which it is evaporated to dryness 
in vacuo, the stirrers being kept continuously in motion., 




Fig. 18. — ^Vacuum dryer and carbonator. 

Heating, to a temperature of i2o''-i30°. is continued for 
about an houl after the condensation of %a.ter has ceased# 
The sodium phenate is now in the form of a fine^owder andis 
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transferred while still hot to the autoclave, the latter is 
||endered vacuous and the stirrer started ; the vacuum valve 
IS then closed and dry carbon dioxide is introduced. Absorp- 
tion takes place rapidly, with rise of temperalfure. The gas 
is passed in until the gauge shows a positive pressure of 
3 atmospheres. vSteam is then turned on and the temperature 
raised to 120 “-130°, more gas being introduced to maintain 
the pressure. Heating is continued for 3 hours after ab- 
sorption is complete, after which time it is stopped and the 
cold water, circulated again, to reduce the temperature 
somewhat. The excess of CO 2 is used in the carbonation 


Fig. 19. — High-pressure autoclave for carbonating. 

of a charge in another autoclave. Water is added and the 
solution of sodium salicylate pumped out, filtered, and 
transferred to a wooden vat with stirrer. The salicylic acid 
is precipitated by addition of acid, centrifuged off and dried. 
^The crude acid, which is light brown in colour, is purified by 
distillation, either with superheated steam [Bcr. (1875), 8, 537) 
or with^air. In the latter case the acid is heated in a shallow 
Irtill provided with a stirrer, or in shallow trays, to a tempera- 
ture of about 140°-! 50®. A current of air, preheated to the 
‘same degree, is blown through and over the„ stirred mass 
land thence into a suitable condensing chamber, in which 
jirovision is ifiade for removing the heat ; also for filtering 
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out the last portions of salicylic acid flakes from the air 
(see 1 ). R PP. 10167, 2993P, 38742). A ball mill designed 
for the production of dry sodium phenatc is described in 
E. P. 105614/1916, and its use in Iv P. 105611/1916. Five 
per cent, of sodium sul])hite is added to the sodium phenate 
solution and the temperature of drying is given as 25o'"-28o°. 
The product is cooled in viuuo. (SceahoV,. P. 105612/1916 
for the manufacture of salicylic acid.) In K. P. 105613/1916 
is described a method for the puriflcation of the crude sodium 
salic} late solution (i in 9), whereby it is first pumped through 
a column containing granulated zinc, and then, at a temper- 
ature of 8o“-ioo°, pass(‘d through a tower containing a 
mixture of 5 of zinc and 95 of decolourising charcoal. 
The liquor passing from the tower is stated to yield, on 
acidification, pure white salicylic acid. According to 
Iv. P. 274/1 901, I). R, P. 133500, sodium phenate may be 
replaced by the jiroduet of the fusion of sodium benzene 
sulphonate (200 kgs.) with sodium hydroxide (iii kgs.). 

Salicylic acid is sold in the form of colourless, light, 
matted needles, or somewhat Jheavier prismatic crystals. 
M.p. 157”. 

It dissolves in 500 parts of w’ater at 20° ; in 12 parts 
at 100°. vSoluble in 3]^ parts of 90 % alcohol ; in 55 parts 
of chloroform and in 2 parts of ether. 

A filtered samjile of the aqueous solution, when evaporated 
to dryness, should afford a perfectly white residue. One 
part of the acid should dissolve without colouration in 6 
parts of pure sulphuric acid. If i gram be dissolved in 20 c.c. 
of cold 10 % sodium carbonate solution, the liquid shaken 
with ether, and the ether be allowed to evaporate sponta- 
# iieously, the residue, if any, should be free from the odour of 
phenol. An alcoholic solution of salicylic acid (10 %) should 
be unaffected by the addition of silver nitrate solution, after 
the addition of a few drops of nitric acid, indicating the 
absence of chlorides. Salicylic acid is both antiseptic and 
antipyretic. It is a specific in acute rheumatism, is used as 
a lotion in pruritis and some forms of eczema, and as an 
injection in the dysenteric diarrhoea of children. It is a 
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constituent of dusting powders and, dissolved in collodion, 
employed as a solvent for corns and warts. 

Of the salts of salicylic acid that are used in medicine, 
the action of which is dependent on the salicylic radicle 
alone, the sodium salt only needs attention. 

Sodiurn Salicylate CfiH, 160. — When pre- 

paring sodium salicylate it is nccc.ssary to ensure that the 
materials are perfectly pure and free from even traces of 
metals such as iron, and to work in ])orcelain, nickel, silver, 
or glass-enamelled apparatus. 16-5 ])arts of pure sali- 
cylic acid and 10 parts of ])ure sodium bicarbonate, both 
free from iron, are intimately mixed in a porcelain edge 
runner, with a little water, to a thick paste. It is advis- 
able to grind tiie acid with the water and to add the 
bicarbonate in ])ortions, in order to prevent undue frothing. 
After most of the carbon dioxide has been evolved the mixture 
is evaporated to dryness in vacuo, at a temperature not 
exceeding 5o°-6o''. The dried sodium salicylate is pow^dcred 
and sifted, or, if flaky cry^itals are rtajuired, is recrystallised 
from hot alcohol, whth the addition of some ether. A slight 
excess of salicylic acid should always be employed, as 
alkaline solutions acquire a brown colour on evaporation. 

The sodium salicylate of pharmacy is met with in the 
form of white, lustrous, pearly scales, or as a white amorphous 
powder. It dissolves in i part of water, in 5 ])arts of 90 % 
alcohol, and in 30 parts of absolute alcohol. The aqueous 
(10 %) solution is neutral or faintly acid to litmus, and 
should be perfectly bright. The salt should dissolve without 
effervescence and without colouration in pure sulphuric acid. 
An aijueous solution (lo %) should not be affected bj’. 
h> v..rogen sulphide solution and should not give the reactions 
for cliloride, sulphate, or sulphite. vSodium salicylate is 
less irritating than salicylic acid, w'hilst its greater solubility 
is often advantageous. It is prescribed in acute rheumatism, 
for which \i> is specific, and is useful in influenza, diabetes, 
sciatica, and acute tonsilitis. It is used as an antipyretic 
in pneumonia, typhoid fever, and all pyrexhfl affections. It 
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■is also an effective antiseptic for fermentative dyspepsia, 
and increases the acidity of the urine. 

Methyl salicylate ^5^ — ^^ethyl sali- 

cylate is the main constituent of the oil of Gaultheria pro- 
cumhens (Whntergreen), of which it comprises about qp %. 
The volatile oil of Bctula lenta (sweet birch) contains 99 8 % 
of methyl salicylate. 

It is prepared synthetically by esterifying salicylic acid 
with methyl alcohol. 

According to Ullmann (Enzyclopced. der Tech. Chem.), 
2 parts of salicylic acid, 2 parts of methyl alcohol, and i part 
of concentrated sul])huric acid are boiled together, the 
esterification mixture being worked up in the usual way by 
distillation. 

Methyl salicylate bods at 219^-221°, and has a specific 
gravity of 1185 to 1*90 at 15*5°. It is readily soluble in 
alcohol, ether, and clilorofonn. Ver>' slightly soluble in 
water. 

It is administered internally, tn acute rheumatism and 
sciatica. It is employed as a liniment or ointment for 
external application to the joints and limbs. It is a good 
antiseptic and a frequent constituent of dentifrices. 

Methyl salicylate is stated to be better for external 
application than od of wintergreen, as it does not, like the 
Jatter, produce an eruption, 

OOOOIT 

ACETVLSAUCYUC ACID (Aspirin) ® ^ 

^No trustw^orthy method for the preparation of aspirin 
appears yet to have been published. 

• It was first obtained, in a very impure state, as indkated 
ty the low melting point (US'"), by Kraut {Ann. 150^ 9) » 
py the aqf:ion of acetyl chloride upon salicylic acid and on 
|5K)dium salicylate. 

* 5 ?', Bayer applied for a patent. No. 10563 and 10581 of 1898, 
pttt acceptance of this was declined, no doubt on account of the 
iS^vious publication referred to. In this patent application 
^licylic acid and acetic anh}*dride were caused to interact 
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at temperatures below i6o°, and it was stated that adet;!^!| 
chloride could be employed in place of the anhydtid<E 5 , 
According to a method given by Ullmann (Enzychpced. 
Tech. Chem.), 138 kgs. of salicylic acid are dissolved in 
120 kgs. of acetic anhydride, and 500 grams of concentrated 
sulphuric acid added. The mixture is heated at 50°-6o^, 
and the temperature taken up gradually to 90"". The mass 
, is stirred whilst being allowed to cool and, when cold, the 
acetylsalicylic acid is filtered off, and washed, first with ice 
water and then with toluol. The acetic acid and unused 
acetic anhydride are distilled off from the mother liquors and 
salicylic acid recovered from the residue. 

The work of Tsakalotos and Horsch {Bull. Soc. Chim. 
[IV] 17, 186 (1915)) serves to indicate the conditions under 
which the acetylation can best be carried out. Studying the 
velocity of the formation of acetylsalicylic acid by the action 
of acetic anhydride on salicylic acid in benzene solution these 
workers found the reaction to be one of the second order, the 
velocity being multipliable by 2*2 for each rise of 10°. The 
temperatures at which observations were made were 25®, 30- 
and 50°. At 90® it was found that a secondary change 
occurred, at an appreciable velocity, whereby the aspirin 
was converted into salicylosalicylic acid, with liberation 
of acetic anhydride, an irreversible reaction. 


2C H ^ 


Using equimolecular quantities of the reacting materials 
in a dilute benzene solution {ca. 1 %) at 25^, equilibriufii 
was reached in 24 hours, when, calculated from the titrations 
given,»94 % of the theoretical amount of acetylsalicyBc 
acia had been produced under the conditions referred 
while at 50® in 3 J hours only 86 % of conversion had tal^l 
place. In order to obtain complete conversion an excess ^ 
acetic anhydride is required and the temperature and tua^ 
of reaction piust be adjusted to the lowest practical UmM 
The presence of iron sdts must be rigidly excluded, as tip 
not only produces colour by interaction with salicylic 
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but brings about catalyticall}^ the production of compounds 
in wliich the acelo group COCHs has entered the nucleus. 

The aspirin is filtered from the acetylation mixture, 
dried, and recrystallised from dilute alcohol or other solvent. 

Aiclylaiion wiih Acetyl Chloride . — The acet)’lation of 
salic} lic acid may also be carried out with acetyl chloride ; 
it is a matter for careful determination according to price 
whether this reagent or acetic anhydride is the more 
economical to use. The employment of the chloride is 
dominated by similar considerations to those discussed in 
connection with the anhydride. Contamination by metals 
such as iron or aluminium must be rigorously excluded, 
lest FriedehKraft's condensation be induced, and the working 
temperature must be ke])t as low' as is practicable. Further, 
it is necessary to use a relativel}' large excess of the acetylat- 
ing agent, as the reaction — 

CHaCoCi iCoHiOH-COOH ^ CeH^OCOCHa-COOH f HCl 
is reversible. 

The reaction is carried out in ‘a good enamelled, tiled, or 
cartheiuvare-lined, jacketed still provided with a manhole 
for charging, a thermometer, a glass or eartheinvare pipe 
through which the acet>l chloride is introduced, wnth an 
earthenware or lead condenser, a receiver for the distillate 
(acetyl chloride), and a scrubber containing a solvent, such 
as acetic acid or high boiling petrol, for freeing the hydrogen 
ciiloride va])ours as far as possible from acet}! chloride 
before being passed into an absorption tower. 

The still is charged with 138 parts (i mol.) of salicylic 
acid, to which are added 50 parts of glacial acetic acid and 
200 parts of acetyl chloride (ea. 2 \ mols). The «till is 
heated up gently, steam being shut off as soon as the reac- 
tion is seen to be proceeding vigorous!}'. Much HCl is 
evolved, and' acetyl chloride commences to pass slowly 
over. As soon as a slackening is noticed the steam is applied 
again, the temperature being raised graduaily to 60°. 
When the reaction has nearly ceased, the ^temperature is 
raised slowdy to 70° in order to free the reaction mixture 



ANTIPYRETICS AND ANALGESICS 


M3 


as tar as possible from acetyl chloride. The application of 
a slight vacuum towards the liiiish greatly facilitates tlds. 
When distillj^tion has ceased, the still content is blown out 
into enamelled pans and left until cr>’stallisation is complete. 
The crystallised mass is then centrifuged, washed with a 
small quantity of solvent, and dried at 3o'’-4o'’ until practi- 
cally free from volatile acid. 

C rysiallisation of Aspinn , — A wide choice of solvents 
for the purification of aspirin can be exercised according to 
the circumstances. Benzene, ethyl or metli)! acetate, 
chloroform, ethyl or methyl alcohol, may each be employed. 
It is important that high temperature should be avoided, 
in order to prevent the production of salicylosalicylic acid^ 
which affects the product detrimentally. {Bull. Soc. Client . 
{1918) (IV.) 23, 16 ) 

Tsakalotos and liorsch {ibid. (1914), 15. 743 ) shown 
that cold water, in which aspirin is soluble only to the extent 
of I in 400, exerts an extremely .slight hydrolysing action, 
vhicli, however, is enormously increased by the presence of 
mineral acids, and to somec'xteiit by acetic acid. 

A useful method of crystallisation is to dissolve the acid, 
which must be quite free from mineral acid, and as free as 
possible from acetic acid, in methyl or ethyl alcohol at a 
moderate temperature and to throw it out of solution by the 
addition of cold water. 

Acetylsalicylic acid crystallises, when quite ])ure, in 
small sy mmetrical rhombic plates ; thougli it is more 
frequently met with in the form of more or less irregularly 
shaped needles. Much discussion has taken place regarding 
the melting point of pure aspirin. This can be made to 
vary oiiisiderabU', b}' altering the rate of heating ; but 
under the conditions prescribed by the British Pharma* 
copceia it may be taken as I34°-135^- dissolves in 400 
parts of cold water, and in 5 p^rts of 90 % alcohol. 
0‘i gram treated with 5 alcohol and diluted with 

20 c.c. of water should not be coloured violet on the addition 
of I drop of ferric chloride solution (absence of salicylic 
acid). Volatile* (acetic) acid should be abseilt as indicated 
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: by a strip of moistened blue litmus paper, suspended in a 
closed bottle above a sample of the powdered substance, not 
becoming reddened within 20 minutes. ^ 

Acet}dsalicylic acid is now probably the most generally 
used analgesic and antipyretic. Its action is similar to that 
of sahcylic acid and the salicylates, and it does not irritate the 
stomach, to a large extent passing through it undecomposed. 
It is absorbed from the duodenum, w'here it is slowly hydro- 
lysed, and it is said to be due to its gradual absorption in this 
way that it does not exhibit the cumulative toxic action of 
salicylic acid. 

Calcium acetylsalicylate 

434 - 

The preparation of this compound is attended with some 
difficulty' on accomit of the readiness with which it h}’drolyses 
and the consequent necessity for avoiding heat as well as 
that of preventing contamination b}' iron. 

The following methods of procedure have been protected 
by patents :~- 

{a) Calcium acetate, 80 parts, dissolved in 240 parts of 
cold water, is added to a cold solution of 180 parts of acetyl- 
salicylic acid in 1500 parts ^f methyl alcohol. Calcium 
acetylsalicylate cry'StaUises out and is filtered off, washed 
with methyl alcohol, and dried. (K. P. 4053/1912. D. R. PP. 

253924. 255673.) 

(6) Acetylsalicylic acid, i kg., is rubbed up with 2 kgs. 
of water, and 350 grams of precipitated, iron-free, calcium 
carbonate added, with stirring. When evolution of CO 2 is 
at an end, the solution is filtered as quickly as possible and 
mixed with 3 to 4 volumes of methyl alcohol. The calcium 
salt cry'StaUises out, and is filtered, washed with methyl 
( alcohol, jmd dried at a low temperature. (D. R. P. 251333.) 

(c) Acetylsalicylic acid, 180 parts, and anhydrous 
'<jalcium chloride, 56 parts, are dissolved in 2000 parts of 
5 :]ixihydrous methyl alcohol. A solution of 17 parts of NHj 
s;:.ia methyl alcohol is added, whereupon the calcium acetyl- 
pitdicylate crystalli^'out. (D. R. P. 27503(8.) 
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[d) Equivalent quantities of acetylsalicylic acid and dry 
sifted hydrated lime, Ca(0H)2, are intimately mixed. The 
mixture is moistened with a small amount of a suitable 
solvent, and tlie whole triturated until a dried sample of 
the solid is found to be completely soluble in 'water. The 
solvent is then removed by filtration, and the calcium 
acetylsalicylate dried, powdered, and, if neccs.sary, ex- 
tracted with small quantities of dry ether until neutral, 
after which it is dried a^ain. vSuitable solvents are stated 
to be methyl alcohol, niethylethyl ketone, methyl or cthj'l 
acetate, methyl or ethyl formate, amyl acetate, and ethyl 
alcohol. { 1 \ P. ioo343/iqi6 ; I). K. PP. 27668, 286691, 
287661.) 

Calcium acetylsalicylate is a white crystalline powder, 
which dissolves in 6 parts of water. It should be neutral 
in reaction to litmus, and practically free from salicylic acid. 

It is employed in the treatment of rheumatism, of 
influenza, of •catarrhs, and neuralgia, and generally as an 
analgesic. It is stated also to be efficacious in cases of 
obstinate diarrlnx'a. « 

Sodium acetylsalicylate (I). R. P. 270326).— 180 parts 
(d liiicly powdered acety lsalicylic acid are mixed intimately 
' with 55 parts of powdered anhyidrous sodium carbonate and 
150 parts of ethyl acetate. The mixture is ground in a mill 
for some hours, mitil a test portion dissolves completely in 
water, without evolution of CO2. The product is then 
filtered off, washed with ether, and dried m vacuo. 

The lithium salt may be similarly prepared. It has been 
specially recommended for treatment of rheumatism. 


I. 


10 



Section V. -ORGANIC ANTISEPTICS AND 
DISINFECTANTS 

A VERY large variet}^ of substances (antiseptics) possess 
the property of inhibiting the growth of bacteria, and manj 
of these possess also the property of killing them (disin- 
fectants). There are numerous inorganic substances no1 
coming within the scope of this volume which act powerfully 
in these respects. Such, for instance, are boric acid, hydroger 
peroxide, mercury^ zinc, bismuth and silver salts, the 
hypochlorites and the free halogens. Others <to be classed 
among the organic substances with which we are concerned 
are dealt with in different sections of this book ; such arc 
exemplified by quinine, benzoic and salicylic acids, ethei 
and chloroform, etc. 

Disease genns may need t# be attacked by a disinfectant in 
widely different circumstances ; they may be on a superficial 
wotmd, a diseased skin lesion, a mucous surface, or in the 
intestines, veins or tissues, and the agent suitable in one 
of these cases is not necessarily suitable in the others. 

Simple estimates of germicidal action made in vitre 
have proved misleading as to the practical value of the agent. 
In testing antiseptics it is necessary to choose methodh 
which are in conformity with the purpose for which they 
are to be used as regards considerations of concentration, 
temperature, and above all of the medium. Dakin has 
shown that in a medium composed of a mixture of blood 
serum and muscle extract very different results are obtained 
from those in which water is employed. 

In a mixture of blood serum and muscle extract hydrogett 
peroxide possesses negligible value as a disinfectant, 
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while the activity of sodium hypochlorite in this mediuxii 
is much greater than in defibrinated blood. He has also 
pointed out jthat a hkely explanation of the deep-seated 
action of chlorine antiseptics is due to the formation of 
chloramine groupings in the amino-acid residue of the 
proteins. 

The cells of a body surface may become poisoned by a 
particular disinfectant, so that healing is retarded, or again 
the curative action of the blood may be weakened by damage 
to the leucocytes by the disinfectant. Recent experi- 
mentation has been largely directed to the discovery of 
substances which differentiate between the protoplasm of 
the host and that of its invading microbe ; forms of proto- 
plasm differ in their affinities for dyes, and dyes have 
already been discovered which exert powerful germicidal 
action, as instanced by the flavine antiseptics. There is,'^ 
tlierefore, reason to hope that great improvements upon the 
older methods of disinfection are at hand. In the present 
section various phenolic antiseptics are classed together, 
as are also the halogen disimfectants. Other than this, but 
little chemical classification of these substances is possible. 

PHEm (carbolic acid) CeHoOH. 94.— Phenol is 
manufac^ed technically by fusing benzene-monosulphonic 
acid with caustic soda. Another method, however, has 
been protected (K. P. 25555/1912), whereby monochloro- 
benzene is heated under a pressure of 200-300 atmospheres, 
at 300°, with 4 molecular proportions of 15 to 20 % caustic 
soda. A 96 % yield of pure phenol is obtained. 

Preparation of BenzenestUphonic acid {see Cain, Manu^ 
facture of Intermediate Products for Dyes^ p. 101). — The 
• sulphonation of benzene is performed in a closed, cast- 
iron, o team-jacketed vessel, fitted with a helical stirrer 
having a speed of 180 revolutions per minute (Grandmougin, 
Rev. Prod. Chim. (1916), 19 , 373). The lid is supphed with m 
thermometer pipe, a reflux condenser, and a charging hole* 
The vessel is fitted with a valve at the bottom for runnings 
out the finished^ batch. It is charged with 225 kilos of 
sulphuric acid {100 %) and 100 kilos of benzene. Th^ 
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stirrer must be kej)t running constantl}’. The temperature 
rises to 60^-70'' and is then raised further by turning steam 
into the jacket so as to keej) the benzene gf^ntly boiling. 
At the end of seven to eight hours the benzene should have 
disappeared and the product should be completel)' soluble 
in vater. 

Alternatively, the vessel may be charged with 260 kilos 
of (j(S acid and 40 kilos of benzene. The remaining 
60 kilos are added as the temperature ceases to rise, and 
I'inalK' tile lem])erature is raised to So'\ 

In 1 ). R. r. 113784, 100 parts of benzene are heated with 
230 parts of an acid sodium sul])hate, NaH3(S04)2, prepared 
by treating sodium bisulphate with sul])huric acid (66' Be.). 
The reaction mixture is diluted v\ith water, and neutralised 
with milk of lime, and liltered from gy])sum, the filtrate 
constituting a solution of sodium Ijenzenesuljdionate. 

Sodiutii Bcuzcnesulphonalc.- Thit mixture obtained as 
above by the sul])honation of 100 kilos of benzene is run 
into 300 litres of water contained in a lead-lined vat fitted 
with a stirrer and a perforatecKlead steam-coil, and nearly 
neutralised with milk of lime (about 140 kilos of lime and 
700 litres of water). Comjilete neutralisation is effected by 
adding jirecipitated calcium carbonate obtained from the 
next operation. The whole is heated to boiling, about 
450 litres of cold water are added so as to render the calcium 
sulphate easily filterable, and it is filtered through a filter 
press at about 60''. The calcium sulphate is well washed, the 
wash liquors being irsed to dilute the next sulphonation 
mixture or to slake the lime. The filtrate, wRich contains 
calciun; beiizenesulphoiiate, is stirred and sodium carbonate 
added until a filtered sample gives no further pfecipitate 
with the alkali ; about 70 kilos of sodium carbonate are 
required. The precipitated calcium carbonate is allowed 
to settle, the clear li^piid separated by decantation or 
filtration, evaporated and finally dried. Drum dryers are 
used in America for this purpose. About 230-235 kilos of 
sodium beiizeiiesulphonate are obtained {rom 100 kilos of 
benzene. Instead of sodium carbonate the sulphate may 
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be used in the above operation, and, further, the correct 
amounts of lime and sodium sulphate may be added to the 
diluted sidph^iiatioii mixture (U. S. P. 1207708). 

As an alternative method the sul]>honation mixture 
from 100 kilos of benzene is poured into a lead-lined tank 
(25 cm. deep) fitted with an aj;itator, and containing about 250 
litres of water and 150 kilos of anhydrous sodium sulphate. 
On cooling, the sodium bcnzenesulphonate is centrifuged 
or filtered. The separation is rather slow and it is necessary 
to have a large liurface for this purpose. About 180 square 
metres are reipiired for i ton of benzene. The product 
contains about 84 of the sodium salt and the )’ield is 
about 210-220 kilos, but can be increa.sed with good 
working. The filtrate from the separation may be used 
(U. S P 117(^15) to acidify the sodium ])henoxide from the 
fusion, v^odium carbonate may be used instead of the 
sulphate ; in U. S P. iiqi88o the phenol from the sodium 
])lieiio\ide is libeiated by means of carbon dioxide and the 
sodium carbonate so formed employed to neutralise the 
sidphonation mixture. • 

Fusion with Sodium hydroxide . — This is done in an open 
cast-iron pan fitted with an agitator and heated by gas. 
Local overheating must be avoided, as this gives rise to 
the formation of thiophenol. Two hundred and twent>" 
kilos of sodium hydroxide (90 % NaOH) are placed in the 
pan, 20 litres of water added, and the mixture heated to 
290“. Two hundred and eighty kilos of sodium benzene 
sulphonate are slowK- added, care being taken that the 
temperature does not droj) but rises gradually to 300°. 
When the addition is finished, the temperature may be 
raised 3i3°-33o°. but must not go beyond 340"'. The 
reaction proceeds fairly rapidly and the mass finally becomes 
fluid and homogeneous. The fusion takes 3-4 hours as a 
rule. It is now run, while still fluid, into cold water, 
three parts of the latter being used for one part of sodium 
hj'droxide employed. The temperature of the water rises 
to nearly 100°, iyid the solution has a density of 27° Be. 
The sodium phenoxide is thus dissolved whilst* most of the 
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sodium sulphite separates in the anhydrous condition. The 
whole is filtered and the sulphite is mixed with water at 85** 
and filtered again, the wash waters being ^dded to the 
solution pheiioxide. This solution is treated with sulphuric 
acid (about 190 kilos of 50° Be.) until it is neutral to litmus, 
and after a few hours the phenol, which forms as a yellowish 
oily layer on the top of the aqueous solution, is separated. 
By allowing the aqueous solution to crystallise, sodium 
sulphate is obtained, which can be again used in the 
process. * 

The phenol is washed with water and distilled in a vacuum. 
A silver or silver-plated copper coil may be used. 

The yield by the “salting out” method is 82-83 %• 
By the liming method 85 % can be obtained. 

Phenol, or carbolic acid, forms small, colourless, 
deliquescent crystals, w'hich have a tendency to acquire a 
pink tmge on exposure to air and light ; whilst synthetic 
phenol turns yellow to brown. It is soluble in 12 to 13 
parts of water, and is ver\' readily soluble in alcohol, 
ether, and other organic solvents. 

The melting point should be not less than 38-8° (102° F.); 
synthetic phenol usually fusing at 40 ’5°. B.p. i78''-i82°. 

Ten parts liquefied by the addition of i part of 
water should form a clear liquid with 3 to 4 parts 
of water, and be completely dissolved^ by 120 parts 
of water. 

One volume of phenol liquefied by the addition of 10 % 
of water should form a clear liquid when mixed with i vol. 
of glycerine, and not be rendered turbid when 3 vols. of 
water are added (freedom from cresylic acid). 

Phenol acts as an antiseptic, a disinfectant, an^ a local 
anaesthetic. Externally, when undiluted, it is powerfully 
caustic ; as a lotion it is applied for eczema, ulcers, 
Cjiwbuncles, ringworm and other parasitic skin diseases. It 
|| given internally as an intestinal and gastric antiseptic, 
E phthisis, bronchitis, whooping-cough, and as a prophy- 
Bjrtic in scarlet fever. A solution of sodium phenate is 
as an antiseptic mouth-wash. 
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SALOL (phenylsalicylate) <("“^OOCoH5. 214.— Accord- 
ing to D. R,Vp. 38973, salol is prepared by the action of 
phenol and phosphorus oxycliloride upon sahcyhc acid or 
sodiiun sahcylate, 

2C6H4<JJ53Na + 2 C 6 HfiOH +POCI 3 
320 188 153 

->* 2 C 6 II 4 ^J^5^,^«^H^+NaPC)3+NaCl+2HCl 
428 

or by using sodium phenate in place of phenol, 

-^'oH^xTOONa+^^'sHsONa+POCla 

-> 2CeH4<^JjCeH«+NaPO,+3Naa 
428 

By an addition to the above patent, D. R. P. 43713, benzol 
or toluol may be used as* a diluent or vehicle in the 
above reactions, sodium or potassium acid sulphate being 
employed as dehydrating agent. When employing salicylic 
acid, phenol, and POCI3, these* substances are mixed in the 
proportions required by the equation and the mixture is 
heated, in an enamelled still (Fig. 21), at i20°-*i30® for 
2 hours. The vessel is provided with a reflux condenser, 
and provision is made for taking away the HCl fumes 
that are evolved. After the reaction mixture has cooled, 
the upper layer is separated and agitated with sodium.^ 
carbonate solution imtil free from salicyhc acid. It is then 
washc^^ with w'ater, dried with calcium chloride, distilled ^ 
under a vacuum of 10 mm. and obtained pure and in crystal- 
line form by cry’stallisation from 60 % alcohol. 

It has been stated that it is preferable to use sodium salicy- 
late and sodium phenate in carr>’ing out the above reaction, 
as the formation of phosphoric esters is thereby inhibited. 

By another process, D. R. P. 31984, phosgene is employed 
as a condensing agent in place of phosphorus •oxychloride. 
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Fifty kilos of sodium plicnate and 8o kilos of sodium 
salicylate (anhydrous) arc mixed in a cast-iron vessel provided 
with stirring gear and a steam jacket or inter^'ial coils, and 



phosgene is introduced. Heat is developed, a vigorous 
reaction taking place. It is completed by gentle heating, 
after which the salol is distilled over in ste^m and recrystal- 
]{\^d from dilute alcohol. 
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CeHjONa +C,n, : c( -| COOl. 


Il() 


160 


OH 


99 

C(iH4 . (^ot )CjH5 
214 


4 2NaCl 9 CO 2 


Salol forms colourless translucent crystals, possessing a 
characteristic odour. M.p. 42'^“-43'\ 

It is insoluble in cold water ; dissolves in I2 parts of 
()0 alcohol ; very soluble in ether, chloroform and most 
organic solvents. 

When shaken with 50 times its weight of water and 
liltcred, the filtrate should not afford the reactions of chlorides 
or sul])hates ; nor give a violet or blue colouration on treat- 
ment witli ferric chloride solution (absence of jihenol and of 
salic\ lie acid). 

Salol is antipyretic and antiseptic ; it is used largely as 
an intestinal and urinary disinfectant. It is stated to ])ass 
unchanged through the stomach, but to be decom])osed in 
the small intestine into its cpmponents, j)henol and salicylic 
acid. 

Salol has been recommended in dyspejisia, intestinal 
fermentation, intestinal tuberculosis, in acute and chronic 
rheumatism, and in cholera, typhoid fever, and smallpox. 
It has also been apjilied externally to wounds and em])lo)’ed 
as a constituent of antiseptic mouth-washes. 

OH 


RESORCINOL (y/i-dihydroxy-benzene) 



no.— 


Resorcinol is manufactured by fusing benzene-w-disuli)honic 
acid witk caustic soda. The following description is given 
by Muiilhaiiser {Dingl. Polyt. ]. (1887), 263, 154), and is taken 
from Cain {Manufacture oj Intermediate Products for Dyes, 
p. 127). 

Preparation of BenzcncmonosuJ/phonic acid , — Three hun- 
dred kilos of rfjulphuric acid, 67° Bd., and 60 kilos of pure 
benzene are placed in a cast-iron jacketed vessel of 400 
litres capacity fitted with stirrer and a lead refltlx condenser, 
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the mixture well stirred and warmed to about 8o°. The 
pipe between the reflux condenser and the vessel should 
feel only slightly warm to the hand. The process is carried 
on for 10 hours, when monosulphonation should be complete. 

Preparation of Salt of Bcnzene-m-disulphonic Next 
day the above batch is blown into a cast-iron oil-jacketed 
vessel of 800 litres capacity, fitted with a stirrer and an ordi- 
nar}^ lead condenser ; 85 kilos of dry ground sodium sulphate 
are added, the stirrer is kept going, and the oil bath heated 
to 240°. After about 4 hours the contents of the vessel will 
have reached the temperature of about 225° and are kept 
at this point for about 8 hours. During the first period of 
heating benzene distils over and sulphur dioxide is evolved. 
On the following day the contents of the vessel are blown 
into 1500 litres of water contained in a vat of 3000 litres 
capacit}', and neutralised with sifted slaked lime made 
from 200 kilos of quicklime. In order to render tire 
calcium sulphate easily filterable about 800 litres of cold 
water are added to the boiling mixture, wliich is then Altered 
through a Alter press. The ]>ress cake is boiled up with 
about 1500 litres of water, cold water being added as before, 
and again Altered. The combined Altrates are evaporated to 
about 2000 litres and then treated in a vat with 6 to 10 kilos 
of sodium carbonate, to convert the calcium salt into the 
sodium salt. The calcium carbonate is Altered off by means 
of a Alter press and the Altrate evaporated in two evaporating 
pans, 1500 litres capacity, provided with stirrers, until it 
is thick enough to stop the stirrers. The moist salt is then 
completely dried in dry ing pans, being conthiually stirred 
with an iron rake, and the dry powder is ground and sieved. 
Yield 200 kilos, 

— Two hundred and Afty kilos of solid caustic soda 
are put into a cast-iron vessel (600 litres) fitted with stirrer, 
and heated by direct fire ; 10 kilos of water are added and the 
mixture is heated until no skin is formed on the surface and 
the crusts forming on the sides have also melted (270''). The 
stirrer is started and 125 kilos of the dry sodium salt are 
added withiif about half an hour, care being taken that the 
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mass does not froth over. This can be regulated by stopping 
and restarting the stirrer. The foaming gradually ceases 
and the mel| acquires an oily appearance ; it becomes 
yellow and then browm. When no further reaction appears 
to be taking place (8-9 hours), the mass is scooped out on to 
iron trays, where it solidifies on cooling. 

Extraction . — The broken-up cakes are added to 500 litres 
of water in a 1500 litre earthenware vessel and made just 
acid with h3'drochloric acid (7 to 8 carboys). When the 
sulphur dioxide has been driven off, the solution is blown into 
an extraction apparatus consisting of a closed vessel (2000 
litres) fitted with a stirrer, a separator (2000 litres), and a 
container for the solvent (500 litres). It is extracted four 
times with amyl alcohol, 100 litres being used for each 
extraction. The solution and amyl alcohol are mixed together 
for about 30 minutes and then blown into tlie separator, 
which is a cylinder with a pointed end. After settling for 
an hour the aqueous solution is nm back into the extractor* 
The solution of resorcinol in amyl alcohol is first heated to 
about 100° with indirect steam and then steam is passed 
in to drive over the solvent. When only water is being 
condensed, the resorcinol solution is run into an enamelled 
drying pan, where the water is evaporated. 

Pimficalion . — The resorcinol is purified by distillation 
in a vacuum. The contents of the dr>dng pan are transferred 
to a copper still (75 litres capacity) and heated, at first with- 
out vacuum being applied. A little water and phenol pass 
over first. At about 190° the pressure is reduced to 130 
mm. and the resorcinol distilled over. About 20-23 kilos 
of pure resorcinol are obtained from 125 kilos of the disul- 
phono^e.# 

Eiiier may be used in place of amyl alcohol for the 
extraction. 

Resorcinol forms white, or nearly white, glistening needle* 
shaped or prismatic crystals. One hundred parts of water 
dissolve 86 4 parts at o^ 147 parts at 12*5'^. and 228 6 parti 
at 30"^. It is vejy readily soluble in alcohol and in ether* 
M.p. B.p. 276°. 
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The aqueous solution should be colourless and should 
yield no preeii)itate when treated with lead acetate (absence 
of catechol). No odour of jdienol should be ^Jinitled when 
the eoncentraled aqueous solution is gently heated. The 
aqueous solution should not give a red colour with a pine 
si)linter nor afford an odour of benzoquinone when w-armed 
with ferric chloride (absence of quinol). 

Resorcinol is a powerful antiseptic. It is employed as 
a spray (i to 2 %) in diphtheria and w'hooping-cough, in 
ointments (5 to 10 %) in the treatment of skin diseases, and 
in lotions for removing dandruff from the scalp. Internally 
it is prescribed in diarrluxa and gastric affections. It 
exercises a veiy depressant action on the heart. 

OH 

MONOACETYL-RESORCINOL (Kurcsol) 152. 

— Ten kilos of resorcinol (D. R. P. 103857) are mixed with 
2-2 litres of acetic anhydride and i-8 litres of glacial acetic 
acid, and heated for hours at 40'', followed by an hour’s 
heating at 45'^’. h^xcessof acetic anhydride is then destroyed 
by careful addition of water, ?nd the acetic acid removed 
completely by distillation 11/ vacuo and with the aid of a 
current of carbon dioxide. Pure resorcinol monoacetate 
remains. It is completely soluble in caustic alkali and 
distils at 283' , 

Alternatively, 5 kilos of resorcinol dissolved in 7-5 litres 
of glacial acetic acid are treated with 3-5 litres of acetyl 
chloride, with good cooling. The mixture is finally warmed 
for an hour at 40° and worked up as in the previous example. 

According to D. R. P. 281099, 8 parts of resorcinol are 
mixed with 7J parts of acetic anhydride and 2 parts of glacial 
acetic acid and the mixture heated on the w^ater bath for 
several hours. Acetic acid is then distilled off in a vacuum, 
and a current of slightly superheated steam is passed, in 
vacuo, over the residue, which is heated at loo'", until it is 
free from any mipleasant smell. 

Euresol is a thick, honey -like, yellow liquid, which is 
fairly soluble in water, and readily soluble in acetone. It 
should possess a saponification value agreeing with that 
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required by the monoacetate of resorcinol, and should be 
readily soluble in cold dilute caustic soda (freedom from 
resorcin diace|ate). 

Kuresol possesses an antiseptic action similar to that 
of resorcinol, but milder and more lasting, the jdienol 
being onl>' gradually liberated. It is said to be useful in 
acne, scrofula, chilblains, and particularly in the treatment 
of alopecia and seborrha^a. 

GUAIACOL (pyrocatechol monoineth>l ether) 

OH 

124. — Guaiacol occurs in beechwood tar. of which it con- 
stitutes the fraction distilling at 2oo’^-205"". It is ])repared 
synthetically according to the following reactions : 



o-nilroplieuol o iiUroaiiivjl o-aiiKsiditit- Oiiaucol, 


M9 15)^ 1-2 12,} 

Preparation of o-niiroaniyd . — The following account of 
the ]tre])aration of o-nitroauisol by the methylation of 
o-nitrophenol is given by Jansen (Chem. Zeii. (1913), 12, 171 ; 
Zeits. Farb. Ind. (1913). 12, 247). 

Highty-three kilos of caustic soda solution (37° B6.), 
180 litres of w'ater, and 75-5 kilos of o-nitrophenol are placed 
in a cast-iron steam-jacketed ])an and evaporated to a thick 
paste. On cooling, the whole sets to a thick cake {162 
kilos). One lumdred and sixt)' kilos of this are transferred 
to a jacketed autoclave fitted wath a stirrer, and 60 kilos of 
anhydrous sodium carbonate and 90 kilos of methyl alcohol 
are addedi The autoclave is closed, and 5 15 kilos of methyl 
chloriue are led in. The stirrer is kept going slowly for about 
12 hours. Steam is blown into the jacket until a temper- 
ature of 90^^-100° is recorded, whereby the autoclave is kept 
uniformly at a moderate temperature. Next da>' the pressure 
is released, the autoclave opened, and the contents are 
transferred to a still fitted with a stirrer. About 100 litres 
of water are adde3 and the whole is distilled untik water alone 
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passes over. The residue is run into a reservoir half filled 
with hot water and left for a day. The water is then drawn 
off and the oil washed in a sej)arator with dilute hydrochloric 
acid. Sixty kilos of o-nitroanisol are obtained, and 20 
kilos of salt residue, from which more oil can be extracted by 
distillation. (Cain, Intermediate Products for Dyes, p. 94.) 
It can also be prepared from o-chloronitro-benzene (Brand, 
J.pr. Chcm. (1903), ii. 67, 145). 

One hundred grams of o-chloronitro-beuzene are dissolved 
iu 200 c.c. of methyl alcohol and a solution of 40 grams of 
potassium hydroxide in 200 c.c. of water and 300 c.c. of methyl 
alcohol is added. The mixture is boiled under a reflux 
condenser for about 26 to 31 hours, after which the greater 
part of the alcohol is distilled off. Steam is now blowm in 
and any unchanged o-chloronitro-benzene, together with .some 
o-nitroanisol, is obtained iu the first 20 grams of oil which 
passes over. The remainder of the distillate consists of o-nitro- 
anisol. The fraction containing the o-chloronitro-benzene 
is used again in the next operation. 

Preparation of ortho-amsidwe.—'l'ht reduction of o-nitro- 
anisol to o-anisidiue can be carried out either with iron 
and hydrochloric acid or with sodium sulphide, and is effected 
in the same way as has been described for the reduction 
of *-nitrophenetol to /)-phenetidine (p. 118). 

Guaiacol from o-anisidine (see D. R. PP. 95339: 167211)- 
—Twelve kilos of o-anisidine are dissolved in 27 kilos of 
iulphuric acid (36° B6.) and 24 kilos of water, mixed with 50 
dlos of ice and diazotised with a freshly prepared solution, 
which must be absolutely free from chloride, of 7 5 kil^ of 
sodium nitrite in 30 kilos of water. The temperatitfe is 

not allowed to exceed 8°. >* 

mixture is allowed to stand until nitrite can no lonpr 
be detected. A solution is prepared containing 40 kilos 
of copper sulphate cryst.. 40 kUos of ammonium sulphate, 
20 kilos of sodium sulphate, 80 litres of water, and 60 kUos 
of sulphuric acid (36° BA) , and heated to 105°, In the course 
of 2i to 3 hours the diazo solution is allowed to flow mto 
this, the temperature being maintained at ’105°. Water and 



gtiaiacol distil over and are collected. When all has been 
added, steam is blown in and distillation is continued until 
no more guai^ol passes over. The distillate, which measures 
about 125 litres, is made alkaline, in a copper vessel, with 12 
kilos of caustic soda (36® Be.) and distilled by indirect steam 
imtil the condensate is perfectly clear. As the distillate 
contains some guaiacol, due to dissociation of the sodium 
salt, it is used again in the next operation. The alkaline 
guaiacol solution is now acidified by the addition of 15 kilos of 
sulphuric acid (36 °Be.), the guaiacol distilled over by indirect 
steam, and separated mechanically from the distillate. The 
aqueous layer is mixed with tlie guaiacol distillate obtained 
in a subsequent operation. 

The copper-ammonium sulphate solution can be employed 
for the conversion of 8 to 9 charges of diazotised anisidine, 
after which the copper is precipitated by the addition of iron 
and recovered. The yield is said to be practically quanti- 
tative. Care must be taken that no metallic copper is 
present during the conversion. 

The separated guaiacol contains 2-3 % water and 
cr\’stallises only partially. It is purified by distillation from 
an enamelled iron or silvered copper vessel, after being dried* 
over 0-3 to 0*5 % of anhydrous sodium carbonate. A silver 
condenser and a glass or earthenware receiver are employed. 


GUAIACOL CARBONATE (duotal) Qq— CO- oQ 274> 


OCH, 


OCH, 


o 

— Guaiacol carbonate was first prepared by the action of 
phosgene on guaiacol, or an alkali salt of guaiacol (D. R. V. 
58129). 


2Co.i4<^Cjj^+COCl2 (c«H4(q^^*)co+2HCi 
248 99 274 


-» (CeH4/°^®’)^C04-2Naa 
.292 • 99 274 


Several general methods of carryii^ out tht preparatio 
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are given. In one instance. 2 molecular equivalents of 
guaiacol and i eciuivalent of phosgene dissolved in benzene 

ate heated together under pressure at 150°. p 

litiuivalent quantities of guaiacol and caustic soda are 
dissolved in water and phosgene led in until the reaction 
liquor is neutral to litmus. The carbonate, which is insoluble 
in w'aler, sc]iarates, and is hltercd off, washed and crystallised 
from alcohol. Small yields are afforded, however. Another 
method consists in dissolving two molecular etiuivalents of 
the phenol in toluene or benzene, treating with the necessary 
amount of sodium for the formation of the sodiunr salt, and 
then adding, with stirring, one equivalent of phosgene 
dissolved in the same solvent. Reaction takes place without 
the application of heat. Alter it is coini)leted the solverrt 
is removed by direct or steam distillation, the guaiacol 
carbonate waslied with water and recrystallised from alcohol. 
As a variation of this procedrrre sodium guaiacolate may be 
p^Qp^Ted, by evaporation of its aqueous solution, dried 
thoroughly, and powdered, suspended in benzol and treated 
with phosgene as above. 

A more recent method. D. R. P. i)()057, consists in corn- 
birring guaiacol with ethyl or methyl chlorofornrate (prepared 
bv the action of alcohol on phosgene) in accordance with 
the foUowiirg eciuatioirs : 


/OCH, 
Cl 


/ONa 




^OCH 


')4'4 


140 


4 NaCl 
182 


OCH3 


364 

,/OCH, 


(C6H4<o^^’)2CO+CO(OCH3)2 


or CO^oc^H^OCHs 

182 124 


274 

4_p TT /OH 

+t6H4\OCH3 


C)0 


(CeH4<g^”’)C0-l-CH30H 

274 ' 32 
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Two equivalents of guaiacol are dissolved in toluene and 
treated with one equivalent of sodiuni. The conversion into 
sodium guaia' olate is completed by boiling, after which the 
solution is cooled and treated, whilst being stirred, with one 
equivalent of ethyl chloroformate. The solvent is removed 
by distillation and the residue heated up to 140’, so long 
as any distillate is afforded. After cooling, the ])roduct is 
washed with water and recrystallised from alcohol. 

In i)lace of cliloroformic e.ster, diethyl or dimethyl 
carbonate may be employed. 

2C(jH4 ^ + (C2H5( ))2C0 
248 118 

CO+2C2H5OH 

274 92 

Guaiacol carbonate is a white crystalline powder, without 
taste or odour. M.p. 84°. It is insoluble in water ; dis- 
solves in 70 parts of cold .90 % alcohol. The alcoholic 
solution should afford no green colouration when treated with 
ferric cliloride solution (absence of guaiacol). No weighable 
residue should be left on ignition, 

Guaiacol carbonate is employed as an intestinal antiseptic. 
It is largel>' administered in cases of phthisis, and. particu- 
larly, of rheumatoid arthritis, for which it has been highly 
recommended. 

POTASSIUM GUAIACOL SULPHONATE (“ Thiocol ") 

OH 

so.kO'"- 

According to the patent specification, D. R. P. 132645, mo> 
lecular quantities of guaiacol and of concentrated sulphuric 
acid are heated together at a temperature not exceeding 80® 
until a test portion forms a clear solution in water. After 
cooling, tlie sulphonation mixture is diluted with water, 
neutralised with 'potassium carbonate, and the solution 


II 
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saturated with potassium chloride, whereby the potassium 
salt of the sulphonic acid is salted out. 

The sulphonation of guaiacol is preferably, however, 
carried out at 30°-6o°, and the product, after conversion 
into tlie normal calcium salt, is treated with lime (J mol. 
CaO . I inol. guaiacol), or the corresponding amount of 
calcium chloride in ammoniacal solution. The resulting 
solution rapidly deposits colourless prismatic cr^^stals of 
basic calcium guaiacol-4-sulphonate, the salt of the 5-sul- 
phonic acid remaining in solution. 

The separation may also be effected by means of the 
lead salts. A hot solution of the normal lead salts, when 
treated with lead acetate corresponding to J mol. of PbO, 
gives a white precipitate which at the boiling temperature 
amtains only the lead salt of guaiacol-4-sulphonic acid. This 
is filtered off, and on cooling the filtrate the basic salt of 
guaiacol-5-sulphonic acid is obtained. Rising (Bcr. (1906), 
39, 3688) employed 105 % of the theoretical quantity of 
sulphuric acid and heated at 70° for 15 hours. The 
sulphonation mixture was diluted with water and excess of 
guaiacol removed by distillation with steam, 6-5 % being 
recovered. Sulphuric acid was then removed by treatment 
with barv'ta, and the filtered solution neutralised with potash 
and concentrated. A crop of heavy crystals of the 4-sul- 
OH 


phonate 



^ was obtained, the filtrate from which 


SO3H 

was evaporated to dryness and extracted with boiling 
alcohol, from which potassium guaiacol-5-sulphonate cr>^stal- 
Hsed on cooling. Under the above conditions 57 of the 
4^sulphonic acid and 43 % of the 5-sulphonic acid were 
found to be formed. Thiocol was originally believed to be 


a salt of guaiacol-6-sulphonic acid 


OH 

SOaHQoCHs^ 


but 


was shown by Paul {Ber. (1906), 39, 2772) to be mainly 
potassium ^uaiacol-5-sulphonate. The following methods, 
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by which, it is claimed, a product consisting mainly of the 
guaiacol-5-sulphonate is formed, were then protected (D.R.P. 
212389). 

(1) Finely powdered guaiacol carbonate is gradually 
stirred into a slight excess of sulphuric acid (66° Be.), when 
the temperature rises to 60°. The mixture is allowed to 
stand until a test portion dissolves clear in water, after which 
it is diluted with water and the guaiacol-5-sulphonic acid 
carbonate decomposed by heating at 100°. Excess of 
sulj)huric acid is removed by baryta or calcium carbonate, 
and the potassium salt prepared in the usual way. 

Alternatively, the sulphonation mixture is diluted with 
a little ice, when the sulphonic acid carbonate 

OCH3 OCH3 

0-oco-^ 

vSOjH SO3H 

separates as a mass of needle-shaped crystals. It is 
filtered off, washed with a little concentrated hydrochloric 
acid and dried at a low temperature. M.p. 115°-! 17°. 
The aqueous solution evolves CO2 on heating, yielding 
guaiacol- 5-sulphonic acid. 

(2) One kilo of acetydguaiacol is dissolved in i kilo 
of acetic anhydride, and i kilo of sulphuric acid (66° Be.) 
is added gradually, with cooling and stirring. After 
standing for some hours, until the reaction product dissolves 
completely in water, an equal volume of water is added and 
the acetic acid removed by steam distillation. The aqueous 
solution is then neutralised with barium carbonate and 
the po+ ibtium salt of guaiacol-5-sulphonic acid prepared 
from the resulting barium salt. 

The guaiacol-4-sulphonic acid obtained as a by-product 
in the manufacture of thiocol may be reconverted into 
guaiacol by heating with phosphoric or sulphuric acids 
(D. R, P, 250360). Twenty kilos of sodium guaiacol sul- 
phonate are mixed with 100 kilos of 24 % phosphoric acid 
and the mixture concentrated imtii the boilt^ I«)mt is over 
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140°. vSuperhealed steam is then blown in, when the 
guaiacol distils over. In place of phosphoric acid, sulphuric 
acid of b ]) 135'’ may be employed. 

The thiocol obtained by any of the above methods is 
purilled, if coloured, by rccrystallisation from water, employ- 
ing vegetable charcoal as a decolourising agent. 

Thiocol is a colourless, crystalline powder, neutral, or 
faintly alkaline to litmus. It is readily soluble in water, 
slightly so in cold alcohol. It is important that the salt 
for therapeutic use should be free from the 4-sulplionate. 
Concentrated nitric acid, added to a 10 % aqueous solution, 
should afford only a red colour. If the 4-sulphonic acid is 
present a yellow precipitate of dinitroguaiacol, m.p. 122°, is 
obtained. Ammoniacal calcium or barium chlorides, added 
to the aqueous solution, should afford no w'hite precipitate. 

Thiocol is employed for the same purposes as guaiacol. 
It possesses the advantages of being comparatively tasteless, 
non- toxic, and of exercising no disturbing action on the 
digestion. It is claimed to be useful in treatment of diseases 
of the respiratory tract, incipient tuberculosis, and in certain 
forms of diarrlia?a. 

CH3 


THYMOL (iso-propyl-t«-cresol) ^ 5 ^- — Thymol 

CH(CH3)2 

occurs in the volatile oil from Ptychotis ajowan (fruits) 
(50-60%) ; Monarda punctata (50-60 %) ; Mosula japonica 
(42 %) ; Thymus vulgaris (20-50 %) ; Carum copticum. 

It is prepared in Britain and India from Carum copti- 
cum : in Germany also it is said to be made from this source. 
In America, however, it is made from Monarda piinctata% 
the phenol content of the oil of which has been improved 
by cultivation to over seventy per cent. 

Thymol is isolated from the volatile oil by shaking the 
latter with an equal volume of warm sodium hydroxide 
solution (sp.gr. 133) and after several hours the mixture is 
diluted with 2-3 volumes of hot water. The aqueous portion, 
which cont^ains the thvmol in solution, in the form of its 
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sodium salt, is separated and acidified. The precipitated 
thymol is drj^'d and rectified by distillation. The fraction 
which distils at 22()'’-235“ is seeded with a crystal of 
pure thymol and set aside in a cold place. The cr}'Stallised 
thymol is separated by filtration and purified by recry stallisa- 
tion from petroleum ether. 

Thymol forms large, colourless, translucent rhombic 
prisms, liaving a characteristic odour and a burning taste. 
M.p. 50' -51'’. B.p. 230 It is Sparingly soluble in water 
(i in 1500), is very readily soluble in alcohol, ether and 
chloroform, and dissolves in 6 parts of petrol-ether. The 
aciueous extract should be neutral, and not coloured violet 
by ferric chloride (absence of phenol). Addition of bromine 
water to the extiact should produce a milky turbidity, 
but not a crystalline ])recipitate. Thymol should volatilise, 
without leaving a residue, at the temperature of a steam 
bath. 

Thymol is a powerful antiseptic. It is employed as an 
intestinal antiseptic in diarrhcea and typhoid, and as an 
ointment or soap in the trcatftient of parasitic skin diseases ; 
also as an inhalant in laryngitis. Like carbolic acid, it has 
^ local anaesthetic properties. It is also employed to destroy 
intestinal worms. 

BETA-NAPHTHOL (beta-monohydroxy-naphthalene) 



' - ) 3 -naphthol is prepared by the fusion of sodium naphtha- 
lene- j 3 -sulphonate with caustic soda. The following account 
of its manufacture is taken from Cain’s The Manufacture of 
Intern Hate Products for Dyes, pages 166 and 204. One 
hundred kilos of naphthalene are melted, heated to 160°, 
and 100 kilos of sulphuric acid (66"* Be.) gradually added, 
the temperature being kept constant. The mixture is 
maintained at this temperature for a further 3 hours and is 
then heated at*i7o'' for an hour and subsequently at 180 
for the same tir^e. Three or four kilos of naphthalene 
distil over. The reaction is finished when a sample dissolves 
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completely in water. The product is blown into 2500 
litres of water, neutralised with 50-60 kilos of ^Uine, filtered, 
and the calcium salt converted into the sodium salt by 
treating the filtrate with about 40 kilos of sodium carbonate, 
filtering, and evaporating to crystallising point. The 
sodium salt of the / 3 -acid separates out, whilst the salt of 
the a- acid remains in the mother liquor. It is simpler, 
however, to salt out the acid, after pouring it into 2500 
litres of water, by adding salt or sodium sulphate, or by 
neutralising with about 40 kilos of sodium carbonate. 
The sodium salt obtained in this way is filtered in a filter 
press and dried, preferably in a vacuum dryer. The yield 
is about 160-165 hilos (Grandmougin, Rev. Prod. Chim. 
(1917). 20, 197). 

One hundred kilos of caustic soda are melted with 
20 litres of water, and at 200°, 160 kilos of sodium naphtha- 
lene ^-sulphonate are gradually added. The temperature 
is then raised to 28()'-3oo‘" and the fusion is complete in 5 
to 6 hours. The li(iuid mass is then run into 2000 litres 
of water, and hydrochloric acid, about 100 kilos, added 
sufficient to liberate the naphthol, but not to decompose 
the sodium sulphite. 

Alternatively, the sodium / 3 -naphthoxide is allowed to 
settle out on the surface of the fusion mixture and then 
separated, when the mixture of sodium hydroxide and 
sodium sulphite may be used for neutralising the sulphonation 
mixture (E. P. 2300/1883). The naphthol is filtered in a 
filter press, dried, and distilled in a vacuum. The first 
rumiings are separated from the main distillate and about 
10-15 % the weight of naphthol remains behind as tar. 
Yield 80 kilos. By another method (F. P. 469040) sodium 
naphtlwdene-/ 3 -sulphonate, 46 parts, is treated in an autoclave 
with 50 parts of sodium hydroxide, 40"^ Be., for 10-20 hours 
at 300°-330°. The / 3 -naphthol is separated, after cooling, 
as described above. It has been stated also {Ber. (1914), 
47, 3160) that 10 % sodium hydroxide at 300° will effect 
^e conversion. Distillation by means of superheated 
may slso be employed for the purification of jS-naphthol* 
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It is obtained finally in the form required for pharmaceutical 
purposes by^iy stallisation from dilute alcohol. 

Beta-naphthol is marketed in tlie form of almost white 
ciy stalline laminte, or as a nearly white crystalline powder. 
M.p. 122°. B.p. 286*" at atmospheric pressure. 

It is very sparingly soluble in water, and dissolves in 2 
parts of alcohol (90 %). On accomit of its susceptibility 
to hght it .should be kept in the dark ; and it should also 
be as far as possible protected from air. 

The solution in aqueous alcohol should be neutral in 
reaction towards litmus. A cold saturated aqueous solution 
should not afford a violet colour with calcium hypochlorite 
solution (absence of alpha-naphtliol). A method for deter- 
mining the alpha-iiaphtliol content of beta-iiaplithol is given 
in the Journ. Soc. Chem, Ind. vol. xvi., p. 295. 

When ignited, no weighable residue should be left ; com- 
plete solution should be effected in 50 parts of 10 % aqueous 
ammonia, and the solution should not have a deeper colour 
than pale yellow'. 

Beta-naphthol is employed internally as an intestinal 
antiseptic, and externally, in the form of ointment, for the 
treatment of eczema and parasitic skin diseases It is 
prescribed in typhoid and intestinal dyspepsia, and in 
sunmier diarrhoea of children. Prolonged administration, 
especially of large doses, may lead to nephritis. 

CHLORAMINE-T (sodium toluene ^-sulphonchloramine) 
CH3<^ ^S02lft^aCl 4-3H2O. 281-4. — The use of this sub- 
stance as a di.sinfectant was introduced recently by Dakin 
and his colleagues. A method for its preparation has 
been described in some detail by Inglis {J.S.CJ. {1918), 
37 , 2f 'f) . Toluene was the starting point, being converted 
into toluene-/>'Sulphonic acid, the sodium salt of which, when 
treated with phosphorus pentachloride, afforded toluene- 
^-sulphonchloride. This substance, however, is a cheap 
' and plentiful by-product obtained in the production of 
saccharin (see this), in connection with which its manufacture 
is described. , 

Inglis converted toluene-^sulphonchloride into toluene 
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/)-sulplionamide by interaction with a large excess of 0 ’88o 
ammonia in a pressure vessel (lOo c.c. of ammonia to lOO 
grams of sulplionchloride), the reaction taking place spon- 
taneously, with considerable evolution of heat. 


PH 


iqo4 


34 


C H 

'-6^l4\502NH2 

371 


hNH4Cl 

53-4 


In practice, the use of diluted ammonia, in an open vessel, 
is found to be possible, wliilst only a small excess is lequircd. 
Into an iron vessel provided with an efficient stirrer are 
introduced 320 parts of 6 % aqueous ammonia vSolution (ca. 7 % 
excess), to which are added loo parts of toluene-/>-sulp lion- 
chloride. Stirring is continued until a filtered sample of the 
solid develops no acidity on being boiled with water. The 
toluene-/)-sulphonamide is then filtered off by means of a 
centrifugal machine and washed with water. The liquor, 
which contains ammonium chloride, is alkalised with lime 
and distilled, in order to recover the ammonia. 

The method given by Inglis (loc. ctt.) for the conversion 
of tohienc-/)-sulphonamide into chloramine-T is carried out 
as follows ; Toluene-/)-sulphonamide, 171 parts (i mol.), 
is added to 523 parts of a 2N solution of sodium In poehlorite 
(i’05 mol.) containing 40 parts of caustic soda (i mol.), and 
is dissolved b}' gentle warmth. On cooling, the sodium 
toluene /’-clilorsulphonamide (chloramine-T) separates as 
a mass of colourless crystals It is filtered washed with 
a little brine, recr^stallised from twice its weight of hot 
water, being allowed to cool without stirring, and dried 
finally at 35''- 40"". 


Cell 


/CH3 

^NSOaNHNa 


iNaOCl 




r u 

'"G^^xSO.NClNa 


+NaOH 


193 


227*4 


The filtrate from the crude cliloramine-T, which is satu- 
rated with the salt, and contains the whole* of the caustic 
soda taken, is used for a subsequent operation, being mixed 
with I molcciflar proportion of sodium hypochlorite and 
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employed for converting into chloramine-T a further mole- 
cular equivalent of toluene- />-sulphonamide. The filtrate 
from the reJrystallisation of the chloramine-T is used 
repeatedh' for the same purpose until too highly coloured. 
The chloramine-T contained in the liquors which can no 
longer be used, is recovered in the form of tolucne-/)-sulphon- 
amide by treatment with sodium bisulphite, together with 
acid to neutralise any free caustic soda present. 

2274 104 

C 6 H/^^'JJ^j^„^+NaCl-fNaHS 04 

171 

Chloramine-T forms colourless needles, ])0ssesbing a 
characteristic chlorous odour. It dissolves in 15 parts of 
cold, and is readily soluble in hot, water. The solution is 
neutral to phenolphthalein, and may be boiled without 
deconqiosition 

A weighed quantity, dissolved in water, treated with 
])Otassiuni iodide and hydrochloric acid, and titrated with 
standard thiosulphate solution, should be found to contain 
not less than 12 3 % of active chlorine. A jKrfectly bright 
solution (10 %) should be formed in normal saline (0-9 % 
NaCl). 

Chloramine-T is a pow'erful disinfectant and has been 
used with success in the treatment of practically all external 
infectious conditions of the body, and for disinfecting the 
nose, throat, and mouth, and the uterine and urethral 
passa' es» 

Cnloramine-T has been extensively used, during the war, 
for the treatment of wounds. It possesses a very high 
germicidal coefficient and is superior in many respects to 
the commonly employed organic germicides, phenol, iodo- 
form, lysol, etc. It is comparable in efficiency with sodium 
hypochlorite, but possesses over this substance the advan- 
tages of certaint^' of composition and complete, stability. 
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Dichloramine-T (toluene-/>-sulphondicliloraiiiine) 
™3\Z)^^2NCl2. 239 ’ 8 . / 

—This substance was first prepared by Cliattaway [Trans. 
Chem. Soc. (1905), 87, 145), two methods being employed. 
In the one, chlorine was passed through a solution of 
toluene- /)-sulphonaniide in caustic soda ; in the other an 
alkaline solution of toluene-/)-sulphonaniide was added to 
an excess of a saturated solution of bleaching powder, and 
the dichloramine precipitated by acidification with acetic 
acid. 

A modification of the latter method is most suited for 
technical application. One may start with eitlier sodium 
toluene- sulphonchloramine (sec under cliloramine-T) or 
toluene-^-sulphonaniide ; in the former case one molecular 
equivalent, in the latter case two, of hypochlorite will be 
required. 

‘^«H4<sS,WaCl+N^'Cl()Hh2HCl 

C6H4(^gQyjj^ji^jj+2NaCk)4-3HCl 

^93 -> C6H44J’j^^,,^+3NaCl+2H20 

239-8 

Chloramine-T, 281*4 parts (i mol.), is dissolved in water, 
2800 parts, mixed with 500 parts of 2N sodium hypochlorite 
solution (i mol.) and cooled to 0®. Hydrochloric acid is 
added, with stirring, the amoimt required being 2 mole- 
*cular proportions, in addition to the quantity neixssary to 
neutralise the alkalinity of the hypochlorite solution. 
Dichlortmine-T is precipitated in tlie form of a white powder, 
and is filtered off. washed with water, and dried at atmo- 
spheric temperature. 

It may be obtained in the form of yellow-tinted, heavy, 
acicular crystals by recrystallisation from chloroform or 
' carbon tetrachloride. ‘ 
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Dicliloramine-T is a white or faintly yellow-tmted 
crystalline p<jwder. It is almost insoluble in water» but 
readily soluble in most organic solvents, except petroleum, 
in few of w'hich, however, is it stable. 

A weighed quantity dissolved in glacial acetic acid and 
treated with potassium iodide and titrated with standard 
thiosulphate solution should show a content of not less than 
2 g o % of active chlorine. 

Dichloramine -T is usually employed dissolved in chlori- 
nated eucalyptol, or “ chlorcosane,” a clilorinated paraffin 
wax [B. M. J., I2tli January, 1918). 

It should form a bright solution in these solvents, which 
are the best Dakin could find for preparing a stable solution 
suitable for practical use. 

Oily solutions of dichloramine-T are employed for 
nasophar>'ngeal disinfection, and in the treatment of in- 
fected woimds, of boils and carbuncles, etc. Applied in 
this wa\' dichloramine-T has a greater and more prolonged 
germicidal action than that of any other compound. It 
possesses the power of being able to dissolve dead tissues, 
and does not coagulate protein, so that a deep-seated 
sterilisation of the womid is ensured. 

HALAZONE (/>-dichlorsulphonamino-benzoic acid) 

— The preparation of halazone was first described by Dakm 
and Dunham {Brit. Med. 26th May, 1917). Toluene 
/>-sulphonamide is oxidised to /^-sulphonamino-benzoic acid, 
and this, dissolved in caustic soda, is chlorinated by passing 
through it a current of chlorine gas. A more convenient 
meth d Consists in treating it with sodium hypochlorite and 
hydrochloric acid. 

CH3C6H4SO0NH2 -> COOHC6H4SO2NH2 
171 201 

C00HCeH4S02NH2 -f 2NaOCl -f 2HCI 

* C,H4gO« +^NaCl+2H,0 

269S 
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One hundred parts of toluene -^-sulphonamide are added 
to a mixture of 250 parts of sodium bichromate, 370 parts 
of concentrated sulj)huric acid, and 600 parts of water, and 
the whole boiled for an hour. After cooling, the crude 
sulphonamino-benzoic acid is filtered off, washed with water, 
and dissolved in hot diluted caustic soda. The solution is 
filtered and wliilst still hot the acid is reprccipitated by 
addition of hydrochloric acid, separated by filtratiou, and 
well washed. 

One hundred parts of sulphonamino-benzoic acid are 
dissolved in 500 parts of N/i caustic soda (i mol.), the 
solution cooled to 0° and mixed with 500 parts of 14 9 % 
sodium hypochlorite, or its equivalent {2 mols.). 

With continued stirring and cooling are added 500 parts 
of 2N hydrochloric acid /dus the quantity necessary to 
neutralise the alkalinity of the hypochlorite solution. The 
temi>erature is kept below 5'’ throughout. The halazone, 
which is precipitated as a light, white, crystalline powder, is 
filtered off, washed with water, and dried at atmospheric 
temperature. 

Halazone is a white, chalky powder, insoluble in water. 
M.p. 213’’. It dissolves in cold sodium carbonate or 
bicarbonate, from which it is reprccipitated unchanged by 
acid. 

Halazone contains 26-2 % of active chlorine ; O’l gram 
dissolved in glacial acetic acid and treated with potassium 
iodide should require from 14-8 to 14*9 c.c. of decinormal 
thiosulphate solution for combination with the liberated 
iodine. 

Halazone was introduced as a water sterilising agent, 
being for this purpose extraordinarily efficacious. Its 
germicidal power is such that at a concentration of i in 
300,000 it destroy s the organisms of cholera, typhoid, coli, 
and dy.senter}% even in heavily contaminated water, in about 
30 minutes. 

Halazone is usually mixed with dr>' .sodium car- 
bonate, sodimii bicarbonate, or borax, and made up into 
tablet form. ^ ' 



ORGANIC ANTISEPTICS AND DISINFECTANTS 173 


TRIBROMVHENOL (broinol) 


OH 

33i.-Tribrom- 


Br 

phenol can be prepared (Ann. 137, 209) by dro])ping 
bromine into cooled, stirred phenol. 


C 6 H 50 H-i- 3 Br 2 CsHoBrgOH+sHBr 

94 4^0 331 -243 

Theoretical quantities are used, and tlie completion of 
the reaction is hastened by warming. A hard, yellow, 
cr\^stalline mass is obtained. It is cnished, wa.shed with 
water until neutral, and dissolved in an equal weight of hot 
alcohol. The solution is filtered, and water is added, just 
short of the point of forming a permanent turbidity. The 
tribromphenol crystallises out on cooling in the form of 
long, fine needles. 

Tribromphenol is colourless to faintly yellow. M.p. 95°. 
It is soluble in 2 parts of qo % alcohol, insoluble in water ; 
dissolves in caustic alkali solution. 

Tribromphenol possesses considerable antiseptic 
properties. It is employed mainly in the form of its 
bismuth salt. 

Bismuth tribromphenolate (Xeroform).— Thirty kilos 
of tribromphenol are dissolved in 150 litres of water con- 
taining 4 kilos of sodium hydroxide, and 12 kilos of bismuth 
nitrate are added to the solution (D. R. P. 78889). The 
reaction product is filtered, washed and extracted with 
alcohol, to remove free tribromphenol. The extracted 
substance is stated to yield, after dr>'ing. 50 % of Bi203 on 
ignit’ 1,* The commerical product, however, yields from 
57 to 61 per cent, of bismuth oxide (Squuc Compend. B. P.). 
This corresponds to the formula 

C6H2Br3OBi(0H)2-fJBi2O3 (requires 57 4 % Bi^O,) 

To produce this compound two equivalents of bismuth 
nitrate are required for one equivalent of tribromphenol, 



174 ORGANIC MEDICINAL CHEMICALS 

whereas, according to the figures given above, rather less 
than one equivalent is employed (even supposing the bismuth 
nitrate to be calculated as anhydrous), and a considerable 
proportion of the tribromphenol must be recovered. These 
facts suggest that different proportions of the ingredients are, 
or could advantageously be, used. 

Bisnuith tribromphenolate is a yellow powder, insoluble 
in water and in alcohol. It should yield on ignition, as 
stated above, 57 to 61 per cent, of bismuth oxide. 

It is a non-irritating antiseptic, and is employed as a 
dressing for wounds and in the treatment of ulcers. 

IODOFORM CHI 3. 304. — Iodoform is prepared by the 
action of iodine on an alkaline solution of diluted alcohol 
or acetone, and also by the electrolysis of a solution of 
potassium iodide in dilute alcohol. 

from alcohol and iodine: A solution of 32 parts of 
potassium carbonate in 80 parts of water and 16 parts of 
95 % alcohol is warmed to 70° and treated gradually, 
whilst stirring, with 32 parts of powdered iodine. Iodoform 
separates as a yellow crystalline powder, and, after the 
solution has become completely decolourised, is filtered off, 
washed with water and dried at atmospheric temperature, 
The filtrate is treated with 2-3 parts of potassium bichro- 
mate and 16-24 parts of concentrated hydrochloric acid, 
and then neutralised, after which are added 32 parts of 
potassium carbonate, 16 parts of 95 % alcohol, and 6 parts 
of iodine, when, on warming at 70^, a further quantity of 
iodoform is produced (Rother, Jahrcsbericht, 1894, 317). 

Beilstein recommends the following proportions in place 
of the above 7*5 parts potassium carbonate ; 50 parts of 
water ; 8 parts of 94 % alcohol ; 10 parts of iodine ; the 
operation being carried out in the same way as before. 

From acetone and iodine: One hundred parts of iodine 
are dissolved in 320 parts of warmed 10 % caustic soda 
solution. After cooling, 20 parts of acetone are introduced, 
followed by 100 parts of powdered iodine. ^ Caustic soda 
liquor is added, in small amoimts at a time, imtil the iodine 
Im disappeared. When cold, the iodoform is filtered off. 
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The filtrate is treated with 20 parts of acetone, acidified with 
hydrochloric acid, and tlien made alkaline again with 
caustic alkali. The two operations are repeated until the 
addition of acid no longer gives a precipitate of iodine. 
Then, by careful addition of a hypochlorite solution and of 
caustic soda a further precipitation of iodoform is obtained. 
Total yield 180 parts. It is purified by recr>'stallisation 
from alcohol. 

By electrolysis ' According to D. R. P. 2g77i, 50 kilos 
of potassium iodide are dissolved in 300 kilos of water and 
30 kilos of g6 % alcohol. The solution is electrolysed 
whilst warm, CO2 being led in. 

Klbs (Electrolytic Preparations) gives a process in more 
detail. Electrodes of platinum gauze (anode) and foil 
(cathode) are employed, and a current density of i to 3 amps, 
per 100 sq. cm. The electrolyte consists of 20 grams of 
sodium carbonat(‘ (anhydrous), 20 grams of potassium 
iodide, 50 c.c. of 96 % alcohol in 200 c.c. of water. It is 
heated at 50°-70^ and a current of CO*, passed through, 
between the anode and cathode, whilst electrolysis proceeds. 
The correct rate of passage of the COg is recognised by the 
solution being maintained at a light to dark yellow colour ; 
if it should become brown from the separation of free iodine 
the stream of gas is interrupted for a time. The iodine is 
filtered off, washed witli water, and dried at ordinary 
temperature, the solution being used again after the addition 
of fresh quantities of alcohol and potassium iodide. A 
current efficiency of 80 % may thus be obtained. 

A careful study of the process was made by Foerster and 
Meves (J. pr. Chem. (1897), 256, 354). An anode of platinum 
was empipyed, and a cathode of lead, the latter being 
envelO|.c;d in ])archment paper. The electrol\i:e consisted 
of 400 c.c. of an aqueous solution containing 60 grams of 
potassium iodide, 20 grams of sodium carbonate (anhydrous) 
and 80 c.c. of 96 % alcohol. The temperature was mam* 
tained at 6o°-^5° and CO^ was passed in. The optimum 
current density was found to be i amp. per 100 sq. cm., 
when a current efficiency of 95--97 % was oljtained. At 
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2 amps, the efficiency was 80-03 % ; at 3 amps, it fell to 
73-79 %• 

The following equations have been given to represent 
the formation of iodoform : — 

C2H,0H-h5l2+H20 CHl3-i-C02-f7HI 
C2H5OH+4I2+H2O CHI3+HC60H+5HI 

Iodoform is supplied in the form of small, lemon-yellow, 
hexagonal crystals, and as a crystalline powder. It possesses 
a characteristic odour and taste. M.p. 115”. It is very 
s])aringly soluble in water ; dissolves in 120 parts of 90 % 
alcohol, in 14 parts of chloroform, and in 7 parts of ether. 

When treated with water i • 10 and filtered, the filtrate 
should be colourless, possess no bitter taste, yield only 
a faint opalescence with silver nitrate, and be unaffected 
by barium nitrate solution. It should also be neutral in 
reaction. Iodoform is required to dissolve completely in 
chloroform and the solution should be bright. A turbidity 
usually indicates the presence of moisture. 

Iodoform is a very generally used antiseptic and de- 
odorant. It has also local anaesthetic properties. Internally 
it is administered in cancer, to relieve the pain, and as a 
suppositor>’ in chronic prostatis, haemorrhoids, and anal 
fissure. Externally it is applied to burns, and to cleanse 
foul ulcers and sores of venereal origin. 

TETRA-IODO-PYRROL (iodol). ^ 

IC— Cl 

II I! 

IC Cl 571 - 

\/ 

NH 

— One part of pyrrol is stirred wdth 150 to 300 parts of 
water ^containing 2-4 parts of caustic soda. An aqueous 
solution containing 1 5 parts of iodine and 20 parts of sodium 
iodide is then added, mitil the liquid is slightly browm 
(contains free iodine). The precipitate is filtered off, washed, 
and dissolved in alcohol. The alcoholic solution is de- 
colourised by boiling with animal charcoal, filtered, and 
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treated with water, when the iodol is reprecipitated 
(D. R. P. 35 i^^>)- 

Iodol forms a light-brown ]K)wder, having a faint odour. 
It is insoluble in water, dissolves in 18 parts of ()0 alcohol, 
in I J parts of ether, and in 150 parts of chloroform 

It should contain no free iodine, and a liltered aqueous 
extract should not afford a reaction witli silver nitrate 
solution. 

Iodol is empkn ed as a substitute for iodoform. It is 
devoid of objectionable smell and is stated to be less poisonous 
than the latter substance. 

lODIPIN (iodised sesame oil). — lodipin may be taken as 
a typical representative of a class of iodised unsaturated 
fats. It is sold in mixtures containing varying amounts 
(5 %. %. and 20 ‘Jo) iodine. 

According to the original ])atent specification. D. R. P. 
96405, 10 kilos of .sesame oil are treated at 40° -50'*. whilst 
being stirred, with a .solution of 1*3 kilos of iodine mono- 
chloride in 10 litres of alcohol. The iodised fat is washed 
several times with warm alcohol and dried in vium at 
50“. The product yielded by taking the above proportions 
is stated to contain 7-5 % of iodine. 

By a variation of the above method a mixture of 170 
grams of potassium nitrite and 166 grams of potassium iodide 
is treated with the theoretically nccessar>^ quantity of 
concentrated hydrochloric acid, 

2KN02-1-KI-1-4HC1 -> ICH-3KCI f2H2()-[-2NO 

and one litre of alcohol is added. The precipitated potassium 
chloride is filtered off, and the solution used, in the manner 
described |bove, for the iodisation of i kilo Of sesame oil. 

Hyu. iodic acid can also be used for the iodisation ( 1 ). R. P. 
135S35). Sesame oil is treated, at 5° to 10*, with gaseoas 
hydriodic acid ; by this method products containing up to 
30 % of iodine can be obtained. A further method is given 
by D. R. P. 159748. Into a well-stirred mixture of 5 kilos 
of sesame oil, 2 litres of water, and 300 grams of finely- 
powdered iodine, sulphur dioxide is passed, imt^^ the iodine 

I 12 
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colour has nearly disappeared. By this process a f 
containing 5 % of iodine is obtained. According to tl 
' quantity of iodine they contain iodipin preparations varyii 
from a pale straw-coloured oily liquid to a yellowish-brov 
viscous fluid are obtained. They are insoluble in water ai 
in alcohol (90 %),but dissolve in all proportions of ether at 
of chloroform. 

Iodipin is employed, by oral or by hypodermic admini 
tration, in syphilis and syphilitic affections ; also 
gonorrha^al rheumatism, bronchial asthma, bronchiti 
emphysema and pleurisis. It is stated to be well tolerate 
and to produce no iodism or depression. 

SOZOIODOL (di-iodo-phenol-j?)-sulphonic acid) 

lo 

CeH/OH 426. 

^SOjH 

— Di-iodo-phenol-^-sulphonic acid is prepared by the actk 
of iodine upon phenol-para-sulphonic acid. Potassiu 
iodide and potassium iodate with acid may be used 1 
generate the iodine, when the sparingly soluble potassiu 
salt is directly obtained ; or a mixture of sodium iodide at 
sodium hypochlorite and acid, when either the product ms 
be precipitated as the insoluble barium salt, or the solutic 
may be evaporated if the sodium salt is required. 

(1) 3CeH4<jQ^^+4KI+2KI03+6HCl 

-> 3C6Hjl2<5Q^g.+6KCl+6Hj 

(2) C8H4<(g^jj+«NaI4-2NaOa+HCl 

174 300 

« -> C6H3lj<^Jj^^+3NaCl+2H| 

448 

Another process (D. R. P. 45226) consists of acting tape 
:* a solution of the potassium salt of phenol-^-sulphonic ad 
with iodine mono-chloride, when a mixture of the menu 
and di-phcLol-^-sulphonic adds is obtained, 
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Of these the second method is the one likely to be 
employed in practice, and this only, therefore, will be 
described. 

1"o a solution of 17-4 parts (i mol.) of phenol>/)-sulphonic 
acid in 100 parts of water containing 30 parts (2 mols.) of 
sodium iodide, arc added, with continuous stirring, the 
equivalent of 100 c.c. of a 14 9 % solution of sodium hypo- 
chlorite (2 mols.), followed by tlie calculated quantity of 
5N. hydrochloric acid required to furnish one molecular 
equivalent of acid and to neutralise the free alkali contained 
in the hy])oclilorite solution. The neutral reaction mixture, 
in which tiie sozoiodol is contained as sodium salt, is 
treated according to the salt w'hich is required. Potassium, 
zinc, or mercur>^ salts, all of which are sparingly soluble, can 
be prepared by double decomposition. The sodium salt is 
obtained by concentration of the solution, and cr>\stallisa- 
tion ; whilst the free acid is prepared by juecipitating the 
insoluble barimn salt by treatment with barium chloride, 
and decomposing this with the necessary amount of sul])huric 
acid l)i-iodo-phenol-j!)-sulphonic acid is a white crystalline 
powder, soluble in water. 

vSodiuin di-iodO'phenol-/>-sulphonate dissolves in 14 parts 
of water. Potassium di iodo-phenol-/>-sulphonic acid dis- 
solves in 100 parts of water. Mercury di-iodo-phenol- 
/>-sulphonate (mercury sozoiodol) is an orange-yellow 
amoq^hous powder, insoluble in water but .soluble in sodium- 
chloride f^lution. 

So^ aodol and its salts are used as disinfectants, chiefly 
locally, in nasal and phar>’ngeal disorders, and in parasitic 
skin infections. The mercury salt has been employed in 
syphilis and psoriasis, by hypodermic injection of its solution 
in aqueous sodium chloride. 

/CH3 

ARISTOL (di-iodo-thymol) CaHal^CsH,.— A solution of 
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live kilos of thymol in lo litres of water containing i'2 
kilos of caustic soda is added, at J5°~20°, with, good stirring, 
to a solution of 6 kilos of iodine and 9 kilos of potassium 
iodide in 10 litres of w'atcr. 

A voluminous dark reddish-brown precipitate is formed ; 
it is liltered off, w'ashed with water, and dried at atmospheric 
temperature (]). R. P. 49739). The compound may also 
bt' prepared by the action of sodium or calcium hypo- 
chlorite. and acid, upon a solution of sodium tlnmolate 
containing a soluble iodide. 

CH3 

C0H3 ; C3H7 4 2Na()Cl -|-2NaI -hjHCl 
(JNa 300 

172 CH3 

CeHoR - C3H7 4- 5NaCl4-2HoO 

\)i 

402 

Aristol is a bulky, bright-yellowish, or reddish-yell ow' 
powder, possessing a slight odour resembling that of iodofonn. 
It is insoluble in w'ater, slightly soluble in alcohol, readily 
soluble in ether and chloroform. A filtered aqueous extract 
should be neutral to litmus and should not give a blue colour 
with starch vSolution. indicating absence of free iodine. 
Twenty c.c. of water shaken with o‘i gram and filtered 
should not afford more than a faint opalescence on the 
addition of nitric acid and silver nitrate solutions. 

Aristol is used as a substitute for iodoform. It has been 
employed with success in ulcerating lupus, pyrrhcea, and 
syphilitic ulcers, in the form of a 10 % ointment or as a 
dusting powder. A solution (10 %) in flexible collodion is 
applied in poisonous eczema. 

koretin (io<io-8-ox}’quinoline-5-sulphonic acid) 


SO3H 



— One part*' of 8-ox> quinoline (sre chind^sol) is dissolved, 
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at below o°. in 6 to 8 parts of fuminp: sulphuric acid. 
After being allowed to stand for 24 hours the mixture is 
poured on to crushed ice. A copious precipitate is obtained 
in the form of fine needles. This consists of S-oxyqtiinoline- 
5>sulphoiiic acid. It is filtered of! and may be purified by 
recrystallisation from dilute hydrochloric acid. I'orty parts 
of the acid are di.ssolved in a boiling solution of 12 ])arts of 
potassium carbonate and 27*5 parts of potassium iodide in 350 
to 400 parts of water. With constant stirring and uninter- 
nijited boiling are added, in four or five separate ])ortions, 
46 8 parts of bleaching jiowder (25 %). Boiling is continued 
for 15 to 20 minutes after addition of the bleaching powder 
is completed. A thick yellow paste results. This is cooled 
in an ice and salt mixture, and, with good stirring and at a 
low temperature, 100 vols, of hydrochloric acid (sp.gr. i'025) 
are added, followed by 45 vols of concentrated hydro- 
chloric acid. A homogeneous red paste is obtained, which 
consists of the calcium salt of iodo-oxyquinoline-sulphonic 
acid After being allowed to stand overnight it is filtered 
off and washed with cold water. The free acid is obtained 
as a heavy, yellow ])Owder, by acidification with hydro- 
chloric acid ( 1 ). R. P. 72942). 

Toretin has been employed, mainly m the form of its 
bismuth salt, as an iodoform substitute. 

SAJODIN (calcium iodo-bchenolate) (C22H4i02l)2Ca. 970. — 
References D. R. PP. 180087, 186214, 180622, 187449, 187822. 
Five hundred grams of orucic acid (obtained from rape 
seed oil) are treated with 330 grams of powdered sodium 
iodide, and 600 c.c. of glacial acetic acid which has been 
saturated with dr>’ hydrogen chloride. The mixture is 
warmed %t 40^-50° for 2-3 days, with continuous stirring. 
It is tiien diluted with water, and the mono-iodo-behenolic 
acid extracted with benzene. The benzene solution is 
washed, first with aqueous sulphurous acid, to remove traces 
of iodine, and then with water, imtil the washings no longer 
react with silver nitrate solution. The solvent is then 
removed in vaaw at a low temperature, the residue con- 
sisting of mono-iodo-behenolic acid. 
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^ Twenty-five parts of cr>^stallised calcium chloride are 
dissolved in 120 par^ by weight of hot 92 % alcohol, and 
the solution saturated with gaseous ammonia. A further 
130 parts of alcohol are added, after which the mixture is 
cooled. To it is added, in a thin stream, with good stirring, 
a solution of 44 parts of mono-iodo-behenolic acid in 120 
parts of alcohol The calcium salt separates in the form of 
a thick white precipitate. It is filtered off and washed, 
first with alcohol, then with w^ater, until the washings are 
free from chloride; finally it is again washed with alcohol 
and dried in vacuo. 

wSajodin is a white, neutral, tasteless powder, almost 
insoluble in water and alcohol It is stable if protected 
from while light, under the influence of which it slowly 
becomes yellow. It contains about 26 % of iodine. 

Sajodin is administered internally in treatment of 
syphilis. 

TETRA-IODO-PHENOL-PHTHALEIN (Nosophen) . 


C(C6H2l20H)2 



— The preparation of this compound has been described by 
Orudoff and Mahood (/. Am. Chem. Soc. (1918), 40,941), 
the method being similar to that given by the original 
patent specification, I). R. P. 85930. 

Thirty parts of phenol-phthalein are dissolved in 500 
volumes of 2N. caustic soda. The solution is mechanically 
stirred and to it is added, in the course of half an hour, a 
solution of 100 parts of iodine and 120 parts of potassium 
iodide in 500 parts of water. The reaction mixture is stirred 
for j hours, after which it is carefully neutralised with 
2N. acetic acid. The resulting greyish-white precipitate is 
filtered off. It is redissolved in 2 % alkali and reprecipitated 
with acetic acid, being now a pale yellow colour. After the 
precipitate has been again dissolved in 2 % alkali, the solution 
ts strongly addified with hydrochloric add, and steam blown 



in until the precipitate has coj^ulated. After cooling aid; 
filtration, the solid is washed with water until free from 
chloride and ^ried at atmospheric teni])eVature. Yield 87 %. 

It is purified by recr>’stallisation. first from acetone and 
then from a mixture of acetone and alcohol, from which it 
is obtained in the form of colourless microscopic ciy^stals 
which melt at 27o°-272”. 

According to D. R, p. 85930, thirty parts of phenol- 
phthalein are dissolved in 100 parts of water containing 40 
parts of caustic soda. At a temperature not exceeding 20° 
is added a solution of 100 parts of iodine and 120 parts of 
potassium iodide iil 400 parts of water. The solution is 
strongly cooled and neutralised with hydrochloric acid, 
when an amorphous yellow-brown precipitate is obtained. 
This is filtered off and purified by being dissolved in chloro- 
form and reprecipitated by the addition of ligroin. 

It has also been prepared by the electrolysis of an 
idkaline solution of phenol-phthalein containing the equiva- 
lent amount of potassium iodide. Tetra-iodo-phenol phthaleiu 
is an odouiless powder, insoluble in water, soluble in chloro- 
form and in ether. 

It has been employed, externally, as a substitute for 
iodoform, and, internally, as an intestinal antiseptic. 

FORMALDEHYDE H'COH. 30. — P'ormaldehyde is usually 
prepared as a solution in water. Its solution is variously 
||ermed Formalin, h ormol, Methanal andl^iquor for maldehyde. 

It is prepared technically by the oxidation of methyl alcohol, 
derived from wood spirit, although attempts have been 
made to obtain it from methane (D. R. PP. 109014, 286731) 
and from carbon monoxide (U.vS. Patent 1302016, 29/4/19). 

The oxidation of methyl alcohol is carried out by passing 
its ^apour mixed with air over a catalyst heated at about 
45 t> • The main reaction is expressed by the equation 
2CH30H-f02 -> 2HCHO+2H20-f6o'4Cal. 
though at the same time a portion of the methyl alcohol i$ 
probably decomposed pyrogenetically into formaldehyde and 
hydrogen, 

eHjOH HCHO+Hj 
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Under the influence of high temperature some of the 
formaldehyde is decomposed into CO and Ho. of which a 
part may become oxidised to COo and water. 

The reaction is, as shown by the equation, exothermic, 
and, once started, no further application of heat is required. 

The conditions which require to be observed in order 
that good yields shall be obtained have been worked out by 
Orloff {J. russ. phys. chem. Ges. 39, 855, 1023, 1404 (1908) ; 
40, 796 (1909), and by Le Blanc and Plaschke (Zeits. Elckiro- 
chem. 17, 55 (1911)). The methyl alcohol should be at least 
90 % in strength ; 100 % being better. It should contain 
not more than i % of acetone. The highest conversion, 
employing a copper catalyst, is obtained when for i part of 
methyl alcohol 0*39 part of oxygen is taken 9 the smallest 
loss of methyl alcohol when 0 315 part of oxygen is employed. 
The corresponding figures, u.sing a silver catalyst, are 0*459 
and 0-314. The o])tiinum temperatine of the interior of 
the catalyst is 450“^, this being regulated by adjustment of 
the rate of flow of the methyl alcohol-air mixture, or the 
proportion of methyl alcohol contained in it. The depth of 
the catalyst is of importance ; when silver gauze 100 mesh 
was employed, 70 millimetres was found to be the best 
(le B. and ?.). Using co[)j)er, Orloff recommends a depth 
of 120 mm. 

The catalytic cliamlx*r is the most important part of the 
apparatus, and a brief description of the one employed by 
Orloff may advantageously be given. It c^sists of 169 
copper tubes, 800 mm. long, external diam. 19 mm., thick- 
ness of wall 17 min., arranged in circles (i -f 8-j-i6-{-24-|-32 
4-404-48) set in two copper plates, the whole being enclosed 
in a, preferably copper, box having on the one side a tube 
through which the air-methyl alcohol mixture is introdudftd, 
on tub other an exit for the formaldehyde-nitrogen vapour. 
Inside each tube is set one of glass, 300 mm. long, internal 
diameter 1475 mm. Each glass tube contains a roll of 
copper 120 mm. long, made of gauze of 15x15 meshes per 
square cm. A device for igniting the gases, in order to start 
the reaction, is jirovided and may consist of an electrically 
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heated wire. A catalyst of this size consumes 170 kilos o|i 
methyl alcohol in 10 hrs., affording 255 kilos of form- 
aldehyde 38 %. A diagram of a plant for the manufacture 
of formaldehyde is given (Fig. 22). 

Air is compressed by a pump (i) into a reservoir (2). 
Mctln l alcohol stored in (3) flows down into the carburettor 
(4), in w^hicli it is maintained at a constant level, and is 
warmed by means of a closed steam coil. Air is blown into 
it from the air reservoir, through a perforated coil. The 
temperature is regulated so that the ratio of oxygen to 
alcohol in the vapour is as 0-31 to (>‘32 : i. The mixture 
then passes into the catalyst chamber (5) in which, after being 
started by ignition, the reaction proceeds without further 
addition of heat. The temperature maintained in the catalyst 
chamber is 450°. The issuing vapours pass into the fraction- 
ating column (6) in which 38-40 % formaldehyde is con- 
densed, the methyl alcohol passing over, together with the 
waste gases, into a condenser (7). In this is condensed the 
greater part of the excess of methyl alcohol, which runs into 
(12), a store tank from which it can be pumped up into (3). 
The gases, w^hich still contain some methyl alcohol, pass into 
a gas scnibber (9), in which they are washed with water. 
The washings are then fractionated in the fractionating 
column (10), the methyl alcohol being condensed in (ii) and 
mil into the store tank (12). 

Commercial formaldehyde solution contains 35-40 % of 
formaldehyde, and 10-15 % of methyl alcohol. It has a 
specific gravity of i’079 to 1*018. 

The acidity should not exceed 0*23 % w/v, calculated 
as formic acid. Heavy metals, sulphate and chloride should 
" be absent, and 5 c.c. should leave no weighable/esidue on 
ignition. 

''iPormaldehyde solution is a pow^erful antiseptic, dis- 
infectant and deodorant. Diluted with water (50 to 100 
vols.) it is used as a general antiseptic, and with 400-500 
vols. as a mouth wash and gargle. 

It has been employed, by intravenous injection and as 
an inhalant^ in pulmonary phthisis. 
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t HEXAMINE (urotropine, liexamethyletjetetramine)^ 
(CH2 )oN4. i-^o. Also known as cystaniine, aininoform] 
and formin. 

Hexanicth} lenetetramine is produced by the condensa- 
tion of formaldehyde and ammonia, in accordance with the 
following equation : 

6HCHO+4NH4OH (CH2)6N4 4-ioH20 

lOO 140 

Formaldehyde solution, containing 180 parts of formalde- 
hyde, eg. 473 parts of a 38 % solution, is treated with 140 
parts of ammonium hydrate, for instance, 700 parts of a 20®/ 
solution, until the solution is slightly alkaline, using rosolicacid 
as indicator. 1 he mixture is allowed to stand, more ammonia 
being added if necessary, for several hours, until the alkalinity 
is shown, by successive titrations witli N/ioo acid, to remain 
constant. The solution is filtered and then boiled down in 
an enamelled vessel, preferably under diminished pressure, to 
a thick paste. The crystals are filtered off, by means of a 
centrifugal machine or vacuum filter, freed from colour by 
washing with alcohol, and dried. It is then recrystallised 
from v\ ateror alcohol until pure. Hexamine forms colourless, 
odourless crystals, which dissolve in rather more than an equal 
weight of water, and in 8 parts of 90 % alcohol. It does not 
melt on heating , but sublimes at a temperature of about 260°. 
The aqueous solution should be perfectly bright and should be 
free from iron (potassium ferrocyanide solution), heavy metals 
(sulphuretted hydrogen), clilorides or sulphates, ammonium 
salts (Nessler solution), and para-formaldehj’de, the latter 
reducing Nessler solution (potassium mercuriciodide) to 
metallic n^rcur>'. No residue should be left on ignition. 

Hexamine is a urinary antiseptic, owing its action to the 
liberation of formaldehyde, which occurs iu acid fluids. It 
is not so effective, therefore, per se, if the urine is alkaline. 
Hexamine has been found to give excellent results in 
cystitis and typhoid bacilluria; also as a prophylactic 
gainst the nephritis of scarlatina. 

It is not a solvent for uric acid. 
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PROFLAVINE (3 6 diamino-acridiiic sulphate) 

CH 

JnHj ^2^04- 307- 

N 

— The following reactions are involved in the formation of 
this compound ; — 

Aniline (CcHr^NH.) ^formaldehyde (HCHO) 

-> anhydro-formaldehyde aniline (CH2NC6H5)3 

{CH2NCaH5)34-3C6H,NH2 

methylene-diphenyl-diamine 

This compound undergoes rearrangement to 



/)-/)-diamino-dipheny 1-methane. 

Nitration affords NH2<^~')~CH2— <^NHo, 2 • 2 
Nb2 NOo 

dinitro 4 • 4 diamino-diphenyl-methaiie, which, on reduction 
and healing, yields 3-6 diamino-hydro-acridiiie 

which readily changes to 3 6 diamino- acridine — “ proflavine/*| 
Aniline, 93 parts (i mol ), is dissolved in 5 volumes^, 

96 % alcohol (vS.V.M.) and the solution cooled and s^iTed 
whilst 120 parts of 40 % formaldehyde solutioji (r mol.) 
are gradually added. After the addition is completed, 
stirring 4S continued until the odour of fonnaldeh> de has 
disappeared, when a second molecular portion of aniline, 
93 parts, is added. The mixture is boiled, using a reflux 
condenser, for 2 hours, to complete the formation of methy- 
lene-diphenyl-diamine. 

Aniline h>‘drochIoride (i mol.), 130 parts, is then added, 


NHj NHo 
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and boiling continued for a further 12 hours. The alcohol 
is distilled off, the residue made alkaline with caustic soda 
and the excess of aniline removed by distillation with 
(superheated) steam. The residual oil, which consists of 
^-/)-diamino-diphenyl-methane, is then purified by solution 
in dilute liydrocliloric acid and reprecipitation with dilute 
alkali. The base is filtered off. washed and dried. 

The nitration, reduction and conversion are carried out, 
according to D. K. V. 2J0412. in the following manner : 
Twenty-live kilos of y)-/)-dianiino-diphenvl-methane are dis- 
solved in 500 kilos of sulphuric acid (66° Be.), cooled to 0° 
and nitrated with 54 kilos of a mixture of suljihuric and 
nitric acids containing 16 kilos of nN()3 (100 ‘’J, the teniper- 
ature being kept below 5 '. The whole is allowed to stand 
for a further 2 to 4 hours, at 8°-io'\ then run out on to ice, 
and neutralised with caustic soda li(pior. Ammonia solution 
is added, to precipitate the base*, which is centrifuged and 
washed with water. The jiroduct, without being dried, is 
dissolved in 24 kilos of hydrochloric acid (sp.gr. 118) and 
heated to 50 4 when 54 kilos of granulated tin are added. 
A vigorous reaction ensues, the temperature rising to 110°. 
The resulting solution is transferred to an autoclave and 
heated to 135° for 4 hours. After cooling, the resulting 
cr>’stalline tin double compound of 3*6 diamino-acridine is 
dissolved in 500 litres of boiling water, the solution neutralised 
,IWth caustic soda and then made alkaline with sodium 
carbonate solution. After cooling, the precipitate, which 
consists of tin oxide and diamino-acridine, is filtered off and 
the latter compound removed by repeated extractions with 
boiling water, from which it crystallises on cooling in shining 
orange to brown-coloured leaflets. The product Ls filtered 
off ana either dried and used for the manufacture of acri- 
flavine or converted into proflavine sulphate, which is 
effected by dissolving in a slight excess of hot dilute sulphuric 
acid and allowing to cry stallise. 

Proflavine sulphate separates in dark red or reddish- 
brown crystals, which dissolve in about 100 parts of cold 
water. 
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A solution which remains perfectly bright for 24 hours 
should be afforded in 500 parts of normal saline solution 
(o‘9 % NaCl). Tin and other metals should be absent, and 
a sample of 0-5 gram should afford no weighable ash on, 
ignition in air. 

Proflavine sulphate is a valuable germicide and a^iti-^ 
septic. It is employed in the form of a O'l % or 0*2 % 
solution, and as an ointment. A wide employment in the 
treatment of surface wounds was attained during the war, 
and an increasingly extensive use for it is being found in the 
treatment of gonorrhoea, by urethral or vaginal injection. 

ACRIFLAVINE (2-6 diamino- acridinium metho-chloride) 

^CH ^ 

NHaOx'/C'NHa'HCl. 

N 

CH3 Cl 

—-Acriflavine is prepared, according to D. R. P. 243085, in 
the follow’iiig manner. Five kilos of 3*6 diamino-acridhie 
{see proflavine, p. 188) are acetylated by boiling with 
13 kilos of acetit anhydride and 125 kilos of anhydrous 
sodium acetate, until no diazo reaction is given by a 
test sample. Thirt>'-fivc litres of water are added and the 
solution boiled, filtered, and allowed to crystallise, The 
crystals are filtered off, dissolved in hot water, and treated 
with 8 litres of ammonia solution. The 3 6 diacetyl-diamino 
acridine is filtered off when cold, washed and dried 

Four kilos of the acetyl compound are dissolved in 40 kilos 
of uitro-beuzol, at ISC'". At a slightly lower temperature, 
Le, 175°, 3'3 kilos of methyl />-toluenesulphonate* are added 
, and, after cooling, the separated cr>’stals are filtered off. 
They consist of the methyl toluene-sulphonate compound 

chco,nhQ.^^\)nhcoch, 

N 

CHj SOjCsHjCk, 
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5*45 kilos of this are boiled for several hours witt a 
mixture of 17; 5 litres of concentrated hydrochloric acid and 
17*5 litres of water. On cooling, the hydrochloride of 3*6 
diammo-acridinium metho-chloride, acriflavine," crystal- 
lises out and is filtered off and dried. 

Acriflavine cr>'stallises in dark red shining cr>'stals, 
which dissolve in 5 parts of cold water. 

A 0 2 % solution in normal saline should be perfectly 
clear after 24 hours. Proflavine should be absent, as 
indicated by 100 c.c. of a 0*4 % solution remaining un- 
clouded for 10 minutes upon addition of 10 c.c. of N. caustic 
soda solution. 

Tin and other heavy metals must be undetectable, and 
no weighable residue must be left after ignition in air of 
0-5 gram. 

Acriflavine is employed in the same concentiation and 
for the same purposes as proflavine, to which it has a similar 
action. 

MALACHITE GREEN 


,<3N(CH,)2a 


N(CH3)j 


364 ‘ 4 . 


—The following account of the preparation of this substance 
is taken from Cain and Thorpe’s Synthetic Dyestuffs, p. 270. 

Thirty -five grams of dimethylaniline and i \ grams of 
beiizaldehyde are mixed with 31*5 grams of concentrated 
hydrochloric acid and the mixture heated, under a reflux 
condenser, for 24 hours, at 100®. The mass is made 
alkaline with caustic soda, after which traces of benzaldehyde 
and of dimethylaniline are removed by a current of steam. 
On pouring into i litre of water the leuco base separates in 
the form of hard granules. It is filtered off, washed free 
from alkali, and an estimation made of the moisture content. 
It is oxidised as follows : Ten grams of leuco base (dr>^ 
weight) are melted by a current of steam. Hydrochloric 
.add, containing 27 grams of HCl, and 4 grams of acetic 
acid in 2 i to 3 litres of water are added, and a thin paste 
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containing 7 5 grams of pure lead peroxide is allowed to 
flow in, with stirring, which is continued for, 2 hours after 
the addition is complete. Unchanged lead peroxide is then 
filtered off ; tlie filtrate is heated to boiling point and 
treated with sodium sulphate, to remove the lead. After 
filtration the solution is again raised to boiling point and the 
base is precipitated with caustic soda solution. After 
cooling, it is filtered off, washed, dried, and purified by being 
dissolved in light petroleum and filtered from impurities, 
after which the jietrol is distilled off by means of a current 
of steam. 

The hydrochloride has been employed as an antiseptic, 
in the treatment of wounds. 


.Oi l N , 

CHINOSOL (8-hydiox> quinoline sulphate) { I ^ |) H.»vSOi. 


j88. — Chinosol was originally supposed to be potassium ortho- 
hydroxyquinoline sulphonate. but was subsequently found, 
when prepared according to the patent specifications D.R. P. 
88520 and K. P. iqoq/iSqG, to be a mixture of 8-hydroxy- 
quinoline sulphate and potassium sulphate. 

Ortho-hydroxyquinoline is made by gently boiling, for 3-4 
hours, a mixture of 7 parts of ortho-nitropheuol, 15 parts 
of ortho- aminop he nol hydrochloride, 25 parts of glycerine 
and 20 parts of sulphuric acid. The reaction mixture is 
diluted with water, made alkaline, and the ortho-oxy quino- 
line distilled over in steam (vSkraup, Bcr. 16, 713). M.p. 73°- 
74 "- 

According to 1 ). R. P. 88520, E. P. 1409/1896, twenty- 
nine kilos of ortho-oxy quinoline are dissolved in 120 
kilos of alcohol. To the solution are gradu^ly added, 
with good stirring. 25 kilos of finely -powdered potassium 
pyrosuiphate. The mixture is boiled for 10 hours, employing 
a reflux condenser, and, after cooling, the product, chinosol, 
is filtered off. 

This was believed, as stated above, to consist of tlie 
potassium salt of an oxy quinoline sulphonic acid, but was 
proved subsequently to be a mixture of tht neutral sulphate 
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and potassium sulphate. For preparing the neutral sulphate 
in a pure stat^, the following method was patented (D. R. P. 
1^7043 ; F. P. 11725/1906) ; 

lo a solution of 29 parts of 0"Ox;\’quinoline in 100 parts 
of 06 % alcohol are added 10 *6 parts of sulphuric acid 
(65 5^ Be.). The neutral sulphate separates, is filtered off 
and dried at a low temperature. 

Prepared by this method chinosol is a yellowish cr^’stalline 
j)Owder. M.p. 175°-! 77°. It is very soluble in water, 
S})arnie,ly soluble in alcohol, and insoluble in ether. 

Chinosol is a ])Owerful antiseptic, and is claimed to be 
stronger in this resjiect than mercuric chloride, but is only 
a relatively feeble germicide, its great value being due to 
its strong inhibiting action on the growth of bacteria. It 
possesses marked analgesic power, but should be diluted 
down when used in the form of powder, as otherwise local 
irritation and swelling may ensue. Chinosol is non-toxic, 
does not coagulate albumen or injure mucous tissues. 


Tannic Acid Derivatives 

Several tannic acid derivatives are employed as intestinal 
antiseptics. Because the acid itself is irritating to the 
stomach, and is to a large extent decomposed or absorbed 
before reaching the intestine, efforts have been made to 
produce combinations of it with other substances, to render 
it non-irritating to the stoimu li ; which comf)inations become 
broken up in the intestines, so that the astringent effect of the 
tannic acid is exerted where required. 

TANNAtBEN (albumen tannate). — Tannalben is a com- 
pound of tannic acid and egg albumen. It is prepared by 
mixing 10 jiarts of a 10 % aqueous solution of egg albumen 
with 6 5 parts of a 10 % aqueous solution of tannic acid. 

The precipitate which is formed is separated by filtration, 
washed with water imtil tlie washings react only faintly 
with ferric chloride solution, dried and powdered, and heated 
at 126° for 6 hours (E. PP. 6140 and 13281 of i8cj6). 
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Tannalben is a light-brown, odourless and tastelea 
powder, containing about 50 % of tannic^ acid. It h 
practically insoluble in water and in alcohol, but dissolve! 
gradually in alkaline fluids, which resolve it into ib 
constituents. 

One gram of tannalben, digested for 4 hours at 40' 
with 0*1 gram of pepsin, 50 c.c. of water, and 1-5 grams o: 
dilute hydrochloric acid (12*5 %), leaves a residue which 
after washing with 30 c.c. of water and drying at 100° 
should weigh not more than 0 5 gram. 

Tannalben is employed as an intestinal astringent. It ij 
unaffected by gastric secretions but is digested by the 
pancreatic fluids. It is useful in diarrhcea, especially in thai 
of children, and in phthisis. 

TANNOFORM (methylene ditannin) (C 1411909)20112. 656 
— Tannoform, as its name indicates, is a compound derived 
from tannic acid and formaldehyde. 

Five kilos of tannin are dissolved (D. R. P. 88082) in hoi 
water, 10 kgs. of 30 % formaldehyde are then added, followed 
by concentrated hydrochloric acid so long as a precipitate h 
produced. 

This is filtered off by means of a filter press, washed wel 
with cold water, and dried at a moderate temperature. 

The same substance is stated (D. R. P. 93593) to b< 
obtained by heating tannin and formaldehyde together fo] 
several hours in an autoclave, at 100°. 

Tannoform is a voluminous reddish powder, odourless 
tasteless. It is insoluble in water, but dissolves in alcoho 
and in alkaline liquids. It is used externally in skin diseases 
such as eczema, and as an application to wounds. Internally 
it is administered in chronic intestinal catarrh. ' 

C^er derivatives of tannic acid used for the sam< 
purposes are : Diacetyl-tannin or Tannigen Ci4Hg09(C0CH8)2 
and Tannocol, a combination of tannic acid with gelatine. 
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S.'U^TALOL AND ITS DERIVATIVES 

Sandalwood oil is obtained by steam distillation under 
pressure from the wood of Santalum album, D., in which it. 
is present to the extent of 2 5 to 6 0 %. 

The East Indian oil only is official in the British Pharma- 
copceia. It is a pale-yellow, oily liquid, having a characteristic 
odour and possessing a specific gravity of 0-975 to 0-980 ; it 
is required to form a clear solution in six times its volume 
[ 70 % alcohol. 

The oil is lavo-roidXoty and has an optical rotation of 
-16° to —20° in a tube of 100 mm. length. Not less than 
0 % of alcohols, calculated in terms of santalol, should be 
resent. This is determined by acetylating a portion of the 
il and determining the saponification value of the acetylated 
roduct. 

Sandalwood oil is employed extensively in gonorrhoea ; 

: is a stimulating disinfectant to the mucous membranes of 
he bladder and urethra. 

SANTALOL (articol) C15H23OH. 220.— For the prepa- 
ation of santalol, 6 kilos of sandalwood oil are saponified 
)y boiling for 2-3 hours with 0*6 kilo of potassium hydroxide 
n 2 kilos of 90 % alcohol. The solvent is then removed by 
listillation and the santalol distilled over in a current of 
uperheated steam. The first portion of the distillate is 
«t aside if it possesses an objectionable odour, and added tc 
be following batch. Yield, 75-80 % of the weight of oil 
:aken. (D, R. PP. 110485, 116815.) 

Santalol^ is an effective urinary antiseptic and is stated 
aot to .;ause disturbance of the stomach and kidneys 
whereas sandalwood oil may do so at times. It is employed 
in gonorrhoea and cj^stitis. 

On accotmt of the unmistakable and unforgettable odour 
of sandalwood oil and santalol, which has become universally 
associated with the disease gonorrhoea, odourless derivatives 
fsi santalol have been a practical requirement apd several 
iA these have been introduced into medicine. 
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^ SANTALOL CARBONATE (D. R. P. 187254 ) (Ci6H230)2C0. 
466.— Two hundred parts of sandalwood oil are treated 
with 100 parts of phenyl carbonate and 2 parts of powdered 
caustic soda, and the mixture heated under reduced pressure. 
At 140° separation of phenol commences and is completed 
at 175^ The residue, which consists of almost pure santalol 
carbonate, is washed with water, and can be purihed by 
distillation in steam. 

2Ci6Ho:,OH-] (CoH 50)2CO (Ci5H230)2C0+2C6H50H 

Santalol carbonate is a yellow, oily liquid, almost tasteless 
and odourless. 

It is broken up in the intestine into santalol and has 
therefore the same antiseptic action as the latter. 

ALLOSAN (santabl allophanate) C]5H230C0NHC0NH2. 
306. (1). R. r. 204()22).— To a solution of 1-59 kilos of 

carbainic chloride (2 mols) in 11 kilos of benzol, are added 
2’2 kilos of santalol, with efficient stirring and good cooling. 
After several hours’ standing, the benzol is removed by 
distillation, the product washed with petroleum and 
recr}'stallised from a mixture of benzol and petroleum. 

C16H23OH+CICONH2 Ci5H230CONH2-hHCl 

b.inlalyl carbaniale 

Ci5H230C0NH2-fClC0NHo->Ci5H230C0NHC0NH2+HCl 

Six kilos of the benzol employed in the above example 
may be replaced with advantage by 2-5 kilos of dimethyl- 
aniline, which combines with the hydrogen cliloride 
formed by the reaction. The mixture, after standing for 
several hours, is filtered, and the filtrate washed with dilute 
sulphuric or hydrochloric acid, to remove any remaining 
diiftethylaniline, after which the solvent is distilled off, and 
the product purified as before. 

AUosan forms white crystals which are tasteless. It is 
soluble in organic solvents, insoluble in water. 



Section VI.— PURGx\T1VES 


Almost any drug wkich acts as a skin irritant v\ ill cause 
evacuation of the bowel, but in the medicinal sense a purga- 
tive is an irritant which acts only upon the intestine. The 
substances employed in medicine are for the most part 
crude vegetable products. Even in those cases in which 
The chief active principle can be separated, preference is 
generally given to the cruder total extract or resin because 
more satisfactory action is obtained from it. 

The principal chemical investigations that have been 
made in this connection concern the anthraquinone deriva- 
tives. Aloes, cascara, rhubarb and senna each contain 
hydroxy-methyl-anthraquiiiones. The glucosides of einodin 
and clir} sophanic acid are purgatives ; the j)robable forniulse 
of these two anthraquinone derivatives are as follows ‘ — 

CII;, O (dl 


Emcxlin. Cbryiophanic acid. 

All investigation of the synthetic homologous tri-h)'droxy 
anthraquinones has shown that the position of the hydroxy 
groups coifsiderably affects the activity. Anthrapurj)urin, 
1.2.7 trihydrox>'-anthraquinone, was found to be more 
active than the 1.2.6, this more active than the i . 2 . 3, and 
this more so than the 1.2.4. The tetra-hydroxy and 
hexahydroxy-anthraquinones were found less active than the 
1.2.3 tri-hydroxy derivative. The presence of methyl 
groups appears to have a ver>' uncertain influence. 

Phenol-phthalein is the only synthetic purgative which is 
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in practical use on a large scale ; the discovery of its physio- 
logical action was accidental. 

The ideal purgative has yetj^to be found, there being* 
great need bf researcirof this kind 

ALOIN (barbaloinj Ci6Hi807‘3H20. 376.— Aloin, or 
barbaloin, is a derivative of tetra-hydroxy-methyl-anthra- 
quinone, and according to Robinson and Simonsen ( 7 '. Chem, 
Soc. (1909), 95, 1087), may probably be represented by the 
formula : — 

CO-O-CH2 


OH-. 





I 

OH 

It yields on oxidation aloe-emodin, a tri-hydroxy-methyl 
anthraqniiione, showing its near relationship to eniodin 
derived from rhubarb and to chrysophaiiic acid derived 
from araroba. 

Aloin is prepared from Cura9oa or Barbadocs aloes, 
the desiccated juice of the leaves of Aloe vera, L., and 
Aloe chinensis, Steud. Cura^oa aloes varies considerably 
in colour and consistency, from a stiff yellowish- 
brown paste to a deep browm or almost black, hard solid. 
It has a comparatively smooth surface when fractured. 
Several tests can be applied in order to distinguish the 
Barbadoes from the African (Natal or Cape) aloes, which do 
not yield an aloin of the same composition. These other 
aloins are named respectively Socaloin, Nataloin and 
Capaloin. 

Jf a particle of Barbadoes aloes be treated with co|cen- 
trated nitric acid a red colour should be produced, which 
changes to green. Cape aloes gives a green colour, whilst 
Natal aloes affords a permanent crimson colour. 

No blue colouration should be produced w hen the vapour 
of nitric acid is blown over powdered aloes which has been 
previously moistened writh sulphuric acid. 



PVRdATIVSS 

Not le^ than 70 % of the aloes should be soluble ih vtfCtiif 
and it should dissolve almost completely in a mixture of 
90 % alcohol with one half its volume of water. 

On ignition the quantity of ash should not exceed 3 0 %. 

For the preparation of aloin powdered Barbadoes aloes 
is dissolved in 9 to 10 times its weight of boiling water. The 
solution is acidified with sulphuric acid, allowed to cool 
and filtered from resinous matter. The bright filtrate is 
neutralised and evai)orated down in vacuo (Fig. 23) until 
it has a volume of about one gallon for each five pounds of 
aloes taken. It is then allowed to cool, a few cr>-stals of 
aloin are added and it is allowed to stand. When crystal- 
lisation is completed, the cry’stals which have separated are 
filtered off, and washed with a small quantity of diluted 
alcohol. They are recrystallised from dilute ethyl alcohol, 
or from methyl alcohol. The yield is, according to the 
quality, 10 to 20 per cent, of the weight of aloes taken. 

Barbaloin is a bright yellow cr3'stalline powder possessii^ 
a bitter taste. It dissolves in 120 parts of cold water and 
in 18 parts of 90 % alcohol. In hot water and alcohol it is 
readily soluble. The solutions are neutral. After dehydra- 
tion at 100*^ barbaloin melts at 147°. 

Cold nitric acid (sp. gr. 142) gives a cherry-red colouration 
(distinction from Socaloin, Nataloin, and Capaloin). Copper 
sulphate gives a bright yellow colour with a dilute aqueous 
solution ; this w'hen mixed with a few drops of a con- 
centrated solution of sodium cliloride gives a red colour, 
and on adding a little alcohol the colour becomes violet 
(distinction from Nat- and Cap-aloin). 

Absence of emodin is shown by shaking a quantity of 
aloin V itb benzene (10 vols.), when the benzene solution 
should not impart more than a faint pink colour to an equal 
volume of 5 % ammonia when shaken with it. Aloin is a 
bitter tonic, and purgative, acting chiefly on the large 
intestine. It is a good tonic cathartic in habitual constipa- 
tion and in that associated with anaemia and amenorrhoea. 
Administered by an enema it is a vermifuge. It is also an 
tmmenagogue. 
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CASCARA SAGRADA.— Cascara Sagrada is the name given 
to the dried barks of Rhamnus pnrshiana, R.'frangula, and 



Fig, 23. — Vacuum bUll lor concentration of extracts. 


R, Cali/omicus. It is a valuable tonic laxative, acting 
principally pn the large intestine. It is especially useful in 
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obstinate and habitual constipation, for which it is given, 
usually in thoform of extract in pills, or as a fluid preparation, 
in such a continuous inamier that a nornial condition is 
gradually' brought about. 

Extract of Cascara Sagrada.— The bark, in No. 20 
pow der, is exhausted by percolation with distilled water, and 
the extract eva])orated to dryness in vacuo. 

Liquid Extract of Cascara. — Five parts of cascara bark 
are exliausted by percolation with distilled water and the 
percolate evaporated to 3 parts ; one part of alcohol (()o %) 
mixed with an ecjual weight of distilled water is added, the 
whole being made up to 5 ])artsby the addition, if necessary, 
of more water. Isolation, in a ])ure state, of the constituent 
or constituents to which the ph> siological activih' of the drug 
is due has not > et been eiTectcd, but anthraquinone derivatives 
allied to emodin are known to be present. An exliaustivc 
chemical examination of the constituents of cascara extract 
was made by Jowett, and i)resented in a paper to the 
American I’harniaceutical Association, 1904. The active 
juinciple was found to be contained almost exclusively in an 
etlul acetate solution of that portion of a water extract 
that is precipitated by lead sub-acetate, but all attempts to 
obtain a pure substance from it were unsuccessful. 

This active extract was obtained in the following way. 
The powdered bark w^as exhausted thoroughl}’ with hot 
alcohol, and the solvent removed by distillation. The dried 
extract was mixed with water, and Altered from fatty matter. 
The filtrate was extracted with clfloroform, which removed 
emodin and an isomeride, treated with lead acetate solution 
and filtered from the resulting precipitate. Lead subacetate 
solution was added to the filtrate, and the bulky red sub- 
stance, wLich was precipitated, collected, and washed well 
w ith water. It was then suspended in w ater and decomposed 
with sulphuretted hydrogen. The filtrate from the lead 
sulphide w as concentrated as far as possible by evaporation 
in a vacuum. The syrupy residue w^as mixed with sawdust, 
dried, and extracted with hot ethyl acetate. On removing 
the solvent a dark-red residue w^as obtained, and this was 
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found by physiological tests to contain the active properties 
of the drug. 

RHUBARB. — The official rhubarb “root” consists of 
the erect rhizomes of Rheum palmatum, Linn., Rheum 
officinale, Baill., and probably other species, and is obtained 
from China and Thibet. The best root is derived from the 
province of vShensi. It is dried in the sun. The English 
cultivated rhubarb, R. officinale, is less active as a purgative. 

Rhubarb is cathartic and astringent, the purgative effect 
preceding the astringent, so that its use is indicated in 
diarrhcea when an aperient is needed. In small doses it is 
a stomachic tonic. It is non-irritant and is suitable for 
increasing the effect of other cholagogues and cathartics. 

In pharmacy several extracts are employed. Extract 
of Rhubarb is a dried extract made by exhausting the drug 
with 6o % alcohol, and concentrating the extract to dryness. 

Infusion of Rhubarb is made by infusing i part of 
rhubarb, cut into thin slices, with 20 parts of distilled water 
for 15 minutes. 

Concentrated Solution of Rhubarb.— Ten parts of 
rhubarb root are percolated with 20 % alcohol to yield 20 
parts. 

A recent investigation of the constituents of rhubarb root 
has been made by Tutin and Clewer {T. Chem. Soc. {1911), 
99, 946). Three constituents only were found which possess 
a purgative action : aloe-emodin, hydroxy-methyl dihydroxy- 
anthraquinoiie Ci4H502(0H)2'CH20H, present to the extent 
of 0*16 % ; chiysophanic acid, dihydroxy-methyl- anthra- 
quinone CH3*Ci4H602(0H)2, (0*49 %)> both of which are 
distinctly purgative, though not very active ; and a non- 
glucosidic resin {i 0’4 %), which appears to be. the chief 
purgative principle. 

o’i gram of this possessed a much more pronounced 
purgative action than the same weight of aloe-emodin or of 
chr>'SOphanic acid, although it represented a much smaller 
weight of the drug. This resin was obtained in the following 
manner : the drug was exhausted with hot alcohol, and the 
extract freed from solvent and boiled out with water. The 







aqueous portion was extracted first with ether, whereh^^ 
dnnamic acid, rhein, emodin methyl-ether, and chryoeo^ 
phanic acid emodin, aloe-emodin, etc., were removed, and 
then with amyl alcohol. The first amyl alcoholic extract 
was deprived of solvent by evaporation imder reduced 
pressure, the residue dissolved in alcohol and the solution 
mixed with an equal volume of chloroform. A dark- 
coloured resin was precipitated, which, as described above, 
was found to be the main active principle of rhubarb. 


EXODIN (diacetyl-rufigallic acid tetra-methyl ester) 


Ci2H2(CO)2(OCH3)4(OCOCH3)2 
Rufigallic acid, hexa-hydroxy-anthraquinone 


OH CO 

ohV>^A/OH 

CO OH 


is produced by heating gallic acid with sulphuric acid 
{Ann. 19, 204). Metliylation is brought about {Bet. 
10, 885) by heating with excess of methyl iodide in the 
presence of 4 equivalents of caustic potash in aqueous 
methyl alcoholic solution, for 3-4 hours at 120®- 
130° under pressure. A red, insoluble, powdery mass is 
obtained, and after being filtered off is recr\'Stallised from 
ethyl acetate, from which it separates in shining gold leaflets. 
This substance is tetra-methoxy-dihydroxy-anthraquinone. 
Ci 2H2(CO)2(OH)2(OCH3)4. It is insoluble in ether and water|j 
dissolves with difficulty in boiling alcohol ; is easily soluble 
in acetic acid and ethyl acetate. 

The acetylation is carried out as follows : — Five kilos 
of the abgve product are boiled for } hour, imder a reflux 
condenser, with 20 kilos of glacial acetic acid and 1*25 kilos 
of powdered anhydrous sodium acetate. After being cooled 
to 6o°“8o° the reaction mixture is poured into 18 kilos ci 
water and left to stand for a day or two. The crystalline 
diacetyl compound which separates is filtered off and re- 
crystallised, from alcohol, benzene, or acetic acid (D. R. P, 
X51724). M,p. i8o®~I9o®. It is stated to be a nuld laxative 
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CHRYSAROBIN.— Clirj^sarobin is the name given to the 
crystalline residue which results from the extraction of Goa 
powder. Goa ])Owder or araroba is a concretion foimd in 
cavities in the tree trunk of Andira araroba. It is imported 
from Brazil, For the preparation of chrysarobin, the 
powdered material is extracted with hgt benzene or hot 
chloroform and the extract dried. A yield of upwards of 
50 per cent, is to be expected from a Goa powder of satis- 
factory quality. It consists of a mixture of chr\\sophanic 
acid (dihydroxy-metliyl-antliraquinone) and its ethers. It 
is a crystalline yellow ])Owder, soluble in chloroform and 
benzene and i)artially dissolved by alcohol and by ether. 

It is chiefly used as a parasiticide and is employed in 
ointments for ringworm, acne, psoriasis, alopoccia, etc. 

SENNA. — The leaves and fruits of Casi>ia aciitifolia 
(Alexandrian senna) and of Cassia angustijolia (Tinnevelly 
or Fast Indian senna) have an extremely high value as 
laxatives. The active principles have not been com])letely 
identified, but rhein and aloe-eniodin have been found. It 
therefore probably owes its activity to anthraquinoiie 
derivatives. Its activity is more readily destroyed than that 
of rhubarb or cascara and its preparations require to be made 
with particular care in consequence. 

The infusion, extract, and confection, in all of which 
powdered leaf is used, are prepared according to the 
methods officially described in the pharmacopoeias, 
f All examination of the constituents of the leaves has 
been made by Tutin (2\ Chem, Soc, (1913), 1 03, 2006). 

COLOCYNTHIN, the principle of Coloc>mth.— Colocynth 
is the dried pulp of the fruit of CitruUus Colocynthis, Schrader, 
freed from its seeds. It is imported from Acia Minor. 
Smyrjaa, Spain, Mogador, Egypt and Cyprus, also from 
Persia. 

In commerce the Turkish and Spanish varieties are most 
frequently met with, both of which have been peeled after 
diydng. The Mogador fruit is larger and impeded ; the 
Persian colocynth is peeled before diy'ing and presents, 
consequent!}', a shrunken appearance. 
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A boiled and cooled aqueous decoction of tlie pulp should 
yield no blub colouration with starch solution. Between 
9 and 12 per cent, of ash should be afforded on ignition. 

Colocynth pulp is an intensch- bitter substance and 
acts as a ver>’ powerful cathartic. It is dangerous in large 
doses and is not commonly prescribed alone but in small 
doses in conjunction with other purgative principles. 

The active principle, colocynthin, a glucoside to which 
the formula CscHgiOos has been ascribed, when treated with 
acids is hydrolysed to a sugar and colocynthcin, which is said 
to be even more irritant than colocynthin. 

Colocyntliin is obtained from an extract of tlic pulp, 
prepared with weak alcohol. This is dried and extracted 
with cold water. The filtered extract is treated with lead 
acetate solution, and filtered again from the precipitate 
which is jiroduced. The filtrate is freed from lead by means 
of sulphuretted hydrogen, and, after removal of excess of 
the latter, is precipitated with tannic acid. The i^recipitate 
is washed with water and decomposed, in alcoholic solution, 
with load oxide (precipitated). The filtered solution is 
freed from lead, decolourised with animal charcoal, and 
evaporated to diyne.ss in vacuo. Tlie resulting product is 
washed with anhydrous ether. It consists of a yellow, 
amorphous, bitter-tasting mass, easily soluble in w^ater and 
alcohol ; insoluble in ether. 

It possesses a pow^erful purgative action, and has been 
employed for hypodermic administration. 

JALAP. — The official jalap consists of the dried tubers 
of Ipomcta purga, Hayne. It is mostly imported from 
Vera Cruz, but is cultivated also in India and Jamaica. 
The a dve principles have not been isolated from the resinotis 
extract. 

Evaluation of Jalap.~k weighed quantity (10 gms.) of 
jalap is digested at a gentle heat for 24 hours with twice 
its weight of alcohol (90 %), transferred to a percolator and 
percolated with alcohol until nothing furtiier is dissolved. 
The alcoholic solution is precipitated by addition of water, 
the alcohol distilled, the residue transferred \yhilst still hot 
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to a dish, cooled, and the supernatant liquor removed. The 
resin is washed with hot water, dried and weighed. It should 
weigh not less than 0-9 nor more than I'l gram (B.P.). 

Jalap should not afford more than 6 % of ash on 
ignition. 

Jalap, employed either as the powdered drug or in the 
form of an extract, is a powerful cathartic, operating at 
times painfully, and is a common constituent of pills. It is 
especially serviceable in dropsy and cerebral congestion. 

Hxtract of Jalap is made according to the directions of 
the Pharmacopceias. One part of coarsely -powdered jalap 
is extracted first with -5 parts of 90 % alcohol, then with 
10 parts of distilled water, and the two residues are combined 
into one extract. One hundred pounds of jalap yield about 
50 lbs. of extract. 

Jalap Resin is extracted from jalap by exhausting 
the powdered rhizome with alcohol (90 %), pouring the hot 
extract with stirring into water, separating the oily resin 
and purifying by washing it with hot water. It is best dried in 
a vacuum cupboard, but may be dried over a steam bath. 
After coohng it is pulverisable. Jalap resin or Jalapin is a 
grey-biown friable substance, possessing a slight character- 
istic taste and an irritating smell. It is easily soluble in 
alcohol, dissolves in 50 parts of petrol ether and in 10 parts 
of ether. Further, it dissolves completely in acetic acid, 
baryta and caustic potash. The active principle of jalap 
I has not been isolated. Power and Rogerson (J. Am. Chem, 
(1901), 32, 80) found the resin to be of very complex 
composition. Extracts were prepared, employing con- 
secutively different solvents, and physiologically tested, with 
the following results : — * 

(4 The petroleum extract had no effect. 

(2) The ether extract produced prompt but not severe 
ptugation, 

, {3) The chloroform extract caused repeated purgation 

‘ lasting 48 hours. 

(4) The ethyl acetate action was s imilar in its action to 
the chloroform extract, purgation lasting 24 hours. 

’ I' 
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(5) The alcohol extract produced repeated and violent^ 
purgation. * i 

From this it is presumed that the purgative action i$ 
not due to any single or well-defined constituent. 

SCAMMONY RESIN.-— 5 cammony resin is obtained by ex- 
tracting with hot alcohol the root of Convolvulus Scammonia, 
Most of the solvent is removed by distillation, after which 
the hot concentrated solution is poured into water, which 
precipitates the resin. The resin is repeatedly washed with 
hot water, separated and dried in vacuo or in an open 
steam pan. Mexican scammony resin — the gum-resin 
afforded by the root of Ipomcea orizabensis — closely resembles 
genuine scammony resin in its chemical and physical 
properties and physiological action, but is not identical. 
Both these resins have a similar action to that of jalap 
resin, being energetic hydragogue cathartics. They are 
valuable when brisk action is needed, as in severe dropsy 
and in cerebral congestion. They also act as anthelmintics 
to round worms and tape worms. 

vScammony resin is met with in greenish-grey, or brownish- 
green, translucent brittle lumps, with more or less sharp 
edges, and breaking with a shining fracture. It is, in contra- 
distinction to jalap resin, alijiost completely soluble in ether. 
The acid value should be 14*6, the ester value lyi'o, and the 
saponification value 185-6. It should yield not more than 
1*0 % of ash. 

Virgin Scammony is a gum resin obtained by incision 
of the living .root of Convolvulus Scammonia, It is deriv^ 
chiefly from Asia Minor and constitutes brown, dark-grey, 
or brownish-black, irregular masses, or circular cakes, 
which biaak with a glossy resinous fracture. It forms 
vrith water a greenish emulsion (distinction from scammony 
resin). When treated with ether, at least 70 % should b« 
dissolved. 

Aleppo scammony has an acid value of 8*2, an e«tei 
value of 172, and a saponification value of i8o‘2. Not mon 
than 3*0 % of ash should be left on ignition. 

Power and Rogerson (T. Chem. Soc. {1912J, XOX, 398^ 
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have found these resins of scanimony to be exceeding^ 
complex in character. Though similar in dheir general 
characteristics they are not perfectly identical. They 
appear to consist to a large extent of the glucosides and 
rhamnosides of jala])inolic acid Cir,H:}o(OH)COOH and its 
methyl ester. The resin from IMexican scanimony root, 
Iponuva orimbcnsi'^, on the other hand, differs from them very 
considerably. Amongst other differences may be mentioned 
the fact that it affords on hydrolysis a ineth>lpentoside 
differing from rhanmose. 

Podophyllin. — Podophyllin is the rc‘sin obtained from 
the dried rhizome and roots of Podophyllum pcltatum, a 
plant which grows wild in North America. It is an active 
cholagogue, and, in J gr. doses, acts as a powerful purgative. 

Although the American species only is ofiicial in the 
British Pharmacopoeia, Dunstan and Henry [T. Chem. Soc. 
(1898), 73, 2oq) have shown that the constituenls of the 
Indian species, P. emodi, are identical witli, 1 hough in different 
proportion to, those of P. pcltatim ; furthermore, P. emodi 
contains a higher percentage of resin. The chief active 
principles in these tv\o varieties are podophyllo-ioxin 
Ci5Hi40g* 2H20 and a podophyllo-resin. The former, how- 
ever, is unsuitable as a medicinal substitute for podophyllin 
resin on account of its intensely irritating action, whilst the 
use of the resin constituent seemed to present no advantage 
over the drug as generally employed ; other constituents are 
podophyllo-quercitiii and picropodoph> llin The latter is 
isomeric \\ ith podophyllo- toxin and has been given the follow- 
ing probable formula by Dunstan and Henry ( 7 \ Chem. Soc. 
(1898), 73, 209) 


COo 


^ CH— CH\,, 
CH/^ 

I 

ch,0|'"Ych, 

\/ 

CH, 

Piero podophyllin. 
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Podophyllin resin is prepared by extracting the powdered 
root with hoP alcohol, concentrating the extract, and pouring 
it into cold acidified water with vigorous stirring ; the 
temperature should be kept low and ice employed, if neces- 
sary, to prevent coagulation of the ])recipitate. The 
precipitated resin is filtered off, washed and dried at a low 
temperature. 

Podophyllin resin is a light yellow powder. It is sparingly 
soluble in water, almost com])letely soluble in alcohol (90 %) 
and in ammonia solution. The quantity insoluble in alcohol 
should not exceed five per cent. 

More than 50 % of the resin should be soluble in cold 
chloroform. Not moie than i % of ash should be left on 
ignition. 

The resins from P. emodi and P. pdtatuni may be dis- 
tinguished by the following test. Six grains of the resin 
are mixed with i fluid dram of dilute alcohol and 8 to 10 
drops of caustic potash solution (6*2 % KOH). The resin 
of P. pcllatum affords a deep yellow solution on shaking, that 
of P. emodi a semi-solid gelatinous mass. 


PHENOL-PHTHALEIN (purgen) 


C(C6HiOH)2 
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Baeyer's original method (Ann. (1880), 202, 69) still remains 
the only one published wdiich deals with the preparation of 
phenol-phthalcin. 

/CO. xC\(CoH 40 H )2 

C«H,<^^) 0 + 2 CeH 50 H -> +HjO 

• 

A suiution of 250 grams of phthalic anh} dride in 200 
grams of concentrated sulphuric acid is prepared with 
careful heating. It is cooled to 115®, and treated with 
500 grams of phenol, and the mixture is then heated at 
Ii5'*-i20° for 10-12 hours, care being taken that the temper- 
ature does not exceed 120''. The melt is then poured into 
boiling w'ater, and the excess of phenol removed by steam 
I. *14 
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distillation. The granular yellow solid is extracted with 
dilute caustic soda, which dissolves out the phenol-plithalein, 

' leaving behind a by-j)roduct. phthalein anliydride. After 
cooling, the liquid is filtered, acidified with acetic acid, 
mixed with a few drops of hydrochloric acid, and left to 
stand for 24 hours. The crude phenol-phthalcin. a sandy- 
yellow iiowder, is then filtered off and dried. To purify it 
for ]diarmaceutical use it must be crystallised. Ten parts 
of tlie air- dried crude j^roduct are boiled under reflux for 

hours with bo j^arts of absolute alcohol and 5 jiarts of 
dry animal charcoal. The mass is filtered while still hot, 
the charcoal being washed vith 20 parts of boiling alcohol. 
The combined filtrates are concentrated to two-thirds their 
original volume, and treated with water; the milky liquid 
de])0sits, on standing, cr\’stals of jihenol-phthaleiii mixed 
with a gummy impuriU'. To remove this, the alcoholic 
solution is added to water, in the ])roportion of 40 grams to 
320 c c., the mixture is vigorously shaken, and after standing 
for a short time sejnarated quickly from the precipitated 
resin. The solution is then heated, when the milkincss 
disappears, a white crystalline powder being precipitated. 
This is filtered off, washed with water, and dried at a low 
temperature. A further quantity is obtained by removal 
by distillation of the alcohol from the filtrate. The yield 
is given as 75 %, calculated from the weight of phthalic 
anhydride employed. 

Phenol-phthalein forms a white powder, almost insoluble 
in w’ater ; readily soluble in alcohol. M.p. 25()°-253''. It dis- 
solves completely in sodium or potassium hydroxide solution. 

Phenol-phthalein is employed in medicine as an aperient, 
and is the only synthetic purgative which has found 
wide acceptance. Its action is maintained mildly for 
several days. This is explained by the fact that it is ab- 
sorbed in the blood and excreted by the bile duct into the 
gut again. 

Tetraclilorophenol-phthalein exerts a similar action to 
that of phenol-phthalein itself. 



Section VIL— VASO-CON8TR1CTORS AND 
VA80-DlLA^r0R8 

Thk usual products of tissue metabolism exercise a dilator 
action on the blood vessels ; this action is balanced partly by 
sympathetic nerve reflexes, but also by a substance secreted 
by the su])ra-rcnal gland (adrenaline) which exerts a very 
powerful constrictor action. This has been termed by 
Barger and Dale sympathomimetic action. The elucidation 
of the chemical constitution of adrenaline ])ointed the way to 
the prej)aration of other substances of analogous constitution 
which possess like action. Adrenaline has tlie constitution : 

0 H< 3 >CH (OH i-CH. - N H-CH3 
OH 

If the hydroxyl group oi the side chain is substituted by 
hydrogen, the compound (epinine) has a like though weaker 
action, and is also used in medicine. 

During an investigation of the substances resjionsible 
for the well-known pressoi action of ergot, what may be 
regarded as a parent substance of adrenalme, para-ln droxy- 
phenyl-ethylamine (Uramine) -011X11^X^12, 

OH 

proved Ifave similar physiological properties hollowing 
this discovery many other amines were found to act in thb 
way. Of most especial value and importance is j 3 -iminazolyl- 
ethylamine (histamine), also present in ergot. 

Ergot has long been employed in medicine for its pressor 
action and, strangely, it yields, in addition to the two 
substances referred to above, an alkaloid of complex consti- 
tution (as yet unknown) which also acts pow (/fully as a 
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ERGOTININE C33H 3fj( )qN5, 6o(^ is the lactone of ergotoxine, 
from which it may be derived by treatment with boiling 
methyl alcohol or by the action of acetic anhydride. It is 
crystallised from absolute alcohol, from which it separates 
in long needles, or from ether. M ]) 2i(j^'-22o''. It is readily 
soluble in acetone, ethyl-acetate and benzene, less so in 
alcohol (i in 290 j)arts) and in ether (i in 1000 parts). It 
does not form crystalline salts. 

A solution in methyl- or ethyl-alcohol slowly undergoes 
decomposition. A solution in acetic or phosphoric acid 
undergoes gradual conversion into the salt oi' ergotoxine. 

hugotinine does not exert any notable plu'siological 
action. 

Other active substances fioni ergot are ^-hydroxy- 
phenyl-ethylamine ( >11^ ^CH2CH2NHo. which has been 
synthesised and introduced into medicine under the name 
of tyramine, and / 3 -iminazolyhethylaninie or 4 -/ 3 -ainino- 
ethyl-glyoxaline (histamine) 

Nil- ClI 

ch; 11 

N CCHo— CHo— NHo 

These bases were isolated from ergot extract by Barger 
and Dale {Trans. Chem. Sac. (i(»o(d, 95, 1125 and (1910), 97, 
2592 ). also by Kutscher (Zeiis. Physiol. (i()io), 24, 163). 

Of the bases enumerated above, ergotoxine causes con- 
traction of the uterus, rise of blood pressure, and gangrene 
of the cock’s comb ; /)-hydroxy-phenyl-ethylainine causes 
uterine contraction and rise of blood pressure ; j 3 *iminazolyl- 
ethylaminc produces a very rapid rise of blo9d pressure, 
also contraction of the uterus, Ergotiiiine has^ when un- 
changed in the system, only a very slight action, but 
is liable to be converted into the physiologically active 
ergotoxine. 

TYRAMINE (^-hydroxy -phenyl-ethylamine) 

137 - 

— T}Tamine^ was isolated from ergot extract by Barger and 
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Dale, and is present in putrefactive animal matter. It may 
be derived frt)m tyrosine by loss of CC)2 : — 



Several methods of preparing it S) iithelically have been 
put iorward. 

(i) Beiiz}! cyanide is reduced to pliein 1-ethylaiiiine, 
and tjds coiii])Ouiid is benzoylated, nitiated, reduced, diazo- 
tised and Indiolvsed -- 



eu.CN ui/'iijMi, eii.ciijNii-coc.iij 


-NC)2 



OH 

-> n 


- r 1 

-n 


n^.xiicocyit 

\/ 

, CHAH,\11C0C,H, 

; Lii,CH,NH, 


(2) Anisic aldehyde is condensed with ctli\ hacetate, 
using sodium, and the product is subs(‘queiitly boiled with 
alcoholic potash. The niethoxy-phein l-projiioiiic acid thus 
])iodueed is converted into its chloride, by the action of 
phosphorus jientachloride, and thence into its amide, with 
gaseous ammonia. Thence to /)-methoxy-pheii\ l-eth> lamiue, 
from which the methoxy group is sjdit off b>’ treatment 
with h}'drobromic or hydriodic acid under pressure. 

(3) Anisic aldehyde is condensed with nitro-methane to 
form j 3 -iiitro-/?-nietiioxy-styrene. which is reduced to 
methoxy -phenyl-ethylamine and the methoxy group split 
off as under method (2). 

HISTAMINE (^-iiiiinazolyl-etliylamine, 4-/3-amino-ethyl- 
• .NHh-CH 

glyoxaline) QR{ j| Jii.— Histamine 

C CHp'CHa NH^ 

was first isolated by Barger and Dale from ergot extract. 
It may be obtained from histidine — 


/NH-CH COOH 

ch 4 II I 

CCHg-CHNH, 
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boiling acidified water, a little zinc dust being added. 
The filtered extract is evaporated down vacuo at 50° 
to a syrupy condition ; it is then mixed with several volumes 
of etliyl or meth)! alcoliol and ma\- be treated with lead 
acetate solution until tliis reagent jiroduces no further pre- 
ci])itation The liltrate from this (after being fn*ed from 
lead by HoS if lead acetate has been added) is evaporated 
in a current of COo- vacuo, to a svrupv consistence, a 
layer of jiarafiin is added and then an excess of concentrated 
ammonia solution A crystalline precipitate of adrenaline 
gradualh forms; it is liltered off, washed successively with 
water, alcohol and ether, and dried in a vacuum over 
concentrated sulphuric acid. It can be purified further 
b>’ solution in dilute hydrochloric acid and reprecipita- 
tion with ammonia. To prevent oxidation it is u.seftil to 
keep sulphites present during the above operations. The 
crude base may be ])urifit'd by being ground up with a 
strong solution ol oxalic acid in ()o per cent, alcohol, which 
leaves inorganic im]Hirities behind ; these are filtered off 
and the adrcaialine is precipitated with ammonia 

A large number of jirocesses for jireparing adrenaline 
synthetically have bc-en devised; of them the following is 
of chief technical value. The starting out materials are 
pyrocatechol and chloracetyl chloride (or chloracetic acid 
and pho.S])horus oxychloride) and the synthesis is effected 
according to the following sdicnie — 


t)U 

I’vrocatpcliol 



OH 



COCHoNHCHj 

Aralao-mclhyl-acciocatecLul (adreualoue). 


OH 
OH 

CHOH— CHjNHCHj 

f-adrcualine 



Lhhraceto-catcilwl (D. R, P. 71312).— Pyrocatecliol, 10 
parts, is mixed with chloracet}! chloride, 8 parts, and 
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the mixture carefully heated until evolution of HCl has 
commenced, when the reaction completes itself. The 
chloraceto-catcchol which is thus produced is recrystallised 
from water, em])ioyinj^^ charcoal as a decolourising" agent, 
and is obtained in the form of colourless needles. M.p. 

173" 

Ilroinaeeto-catechol may be prepared similarly, by 
em])lo\ ing bromacetyl bromide or broniacetyl chloride. 
M.]). 170" 

OH 


Mcfhyl(i)niuO’acctoca(a hoi 


)H 


(1). R. P. 


CO CHoNHCHs 

152814). — Pdnely ])o\\dered chloraceto-catechol, i part, is 
suspended in i volume of alcohol, and i part of aqueous 
60 “0 inetli\ lamine solution added. Heat is developed and 
tlie methylaminc salt of the chlor-dioxy ketone is formed. 
This is gradually converted, on maintaining the solution at 
a moderate teinperaturt', into mcthylamino-acetocatechol, 
which .separates as a crystalline ])recipitate. This, after 
standing for i hour, is liltcred off and washed with cold 
alcohol. It is jiurilied by dissolving it in dilute hydro- 
chloric acid and carefully treating the solution with ammonia, 


when a small quantity of amorphous impurity separates 
and is filtered off before tlie bulk of the base is precipitated. 

Methylainino-acetocatecliol forms clear 3 ellow crystals, 
which on heating colour at 200" and decompose at 230"". 

The hydrochloride crystallises from alcohoPin colourless 
leaflets, which decomj)ose on heating at 240"". 

Reduction of Mcthylamino-aietocatcchol to Adrenaline 
(D. R P. 457300), — One part of mcthylamino-acetocatechol is 
dissolved in 30 parts of hot water containing the calculated 
quantity (\ mol.) of sulphuric acid. The solution is heated 
on a water batli and to it are added i part of a i % 
solution of mercuric sulphate and 1 part of aluminium foil 
The mixture is heated and stirred for 3-4 hours, during which 
time the base which separates is brought into solution by 
successive and careful additions of sulphuric acid. When the 
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reduction is finished, any excess of acid, and the alumina, 
are precipitated by exact neutralisation with baiy'ta, filtered 
off, and the solution evaporated to dr\’ness in vacuo. The 
sulphate of the niethylaniino-ethanol-catechol is obtained 
as an amorphous mass. This is dissolved in water, and made 
alkaline witli ammonia, when the adrenaline is precipitated 
as a ciy^stalline powder, which is filtered ofi. 

y-Adrenaline Hydrochloride is prepared (D. R. P. 
202169) by moistening the base with absolute alcohol and 
dissolving in absolute alcohol containing the theoretically 
necessary quantity of hydrogen chloride. The hydrochloride 
crystallises out on standing and is filtered off, washed with 
ether, and recrystallised from absolute alcohol. 

Colourless crystals. M.p. 157", Readily soluble in 
water. 

Resolution of r-Adrenaline into Isevo- and dextro- 
Adrenaline,— According to D. R. P. 222451 fifty grams of 
racemic adrenaline are moistened with absolute methyl or 
ethyl alcohol and treated with an alcoholic solution of 43 
grams of dextro-tartaric acid. The alcohol is removed 
in vacuo at 35^-40*^ and the tartrate dried. The salt is 
ground up with methyl alcohol, whereupon the tartrate of 
dextro-adrenaline dissolves. The laevo-adrenalme if-tartrate 
is then purified by being recrystallised from 95 % methyl 
alcohol, until it has a melting point of 149°. The liquors 
from the above ])reparation, which contain the dextro- 
adrenaliiie, are freed from alcohol, the residue is dissolved in 
water and the (/-adrenaline recovered by precipitation with 
ammonia. It may then be racemised (D. R. P. 220355) by 
dissolving 15 parts in 135 c.c. of normal hydrochloric acid 
and 150 c.c. of water, and heating the solution at 8o°-90° 
until it has become optically inactive (2-3 hours). The 
base il then precipitated with ammonia and reconverted 
into the (/-tartrate. Organic acids, such as tartaric and 
oxalic acids, can also be employed for thd racemisation of 
i-adrenaline ( 1 ), R. P. 223839), 

A modification of the above method of resolving racemic 
adrenaline is given in D. R. P. 269327. r-adrenaline, 182 



VASO^CONSTRICTORS AND VASO-DILATORS nt 


parts, is dissolved, together with 150 parts of dextro-tartaric 
acid, in 1000 parts of hot methyl alcohol. Laevo-adrenaline 
(i-tarlrate crystallises out on cooling, and, after several days' 
standing, is filtered o2 and purified by being twice recrystal- 
lised from methyl alcohol. 

Other methods of preparing r-adrenaline are : — 

(1) Diacetyl-proto-catechuic aldehyde (I) on condensa- 
tion with nitro- me thane in feebly alkaline aqueous solution 
yields / 3 -hydroxy-j 3-3 : 4-diacetoxy-phenyl-nitro-ethane (II). 
When this is mixed with the calculated quantity of formalde- 
hyde and reduced by zinc and acetic acid, j 9 -hydroxy-/ 3 - 
3 : 4-diacetox>'“phen} l-ethyl-methylamine (III) is formed, 
from which adrenaline is obtained on removal of the acetyl 
groups. 

OAc OAc OAc 

Ac ^ QoAc ^ |/\|OAc 

CHO CH(OH)CHoNOo "ra(OH)CH2NHMe 

( 1 ) (II) (III) 

(N. Nagai, Jap. Pats. 3244c, 32441 (1918).). 

(2) From prolo-catcchuic aldehyde cyanhydrin (I). R. P. 
220355) by reduction to OH<^CHOH CH2NH2 and 

OH 

methylation of this. 

(3) From the methylene-dioxyphenyl-ethylene-halogen- 
hydrins, by treatment with PCI5, then with water and methyl- 
amine (D. R. PP. 209962, 216640, 209609). 

(4) By D. R. PP. 185598 and 189483, a catechol ether, 
such as veratrol, is combined with phthalyl-glycyl chloride, 
givin'' the* corresponding ether of phthalimido-acetocatechol. 
This, on treatment with hydrochloric acid in glacial acetic 
acid solution, is hydrolysed into phthalic acid and amino- 
aceto-catechol, which can be made to yield adrenaline by 
methylation and reduction. 

Racemic adrenaline is a white cry’stalliiie powder, which 
decomposes at 230*^ C. Laevo-adrenaline forms small white 
acicular ciy stals. 
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M.p. 212° with decomposition. 53° (in dilute 

hydrochloric acid). Sparingly soluble in cofd water, in- 
soluble in alcohol and in ether. Soluble in dilute acids and 
caustic alkali. 

Tlic aqueous solution, particularly when alkaline, rapidly 
absorbs ox\'gen from the air, becoming ])ink, red and 
eventually brown, this constituting a delicate reaction for 
the identification of adrenaline in small amounts. 

The chief crystalline salt is the acid tartrate. The 
racemic base forms a crystalline hydrochloride and oxalate, 
but the corresponding salts of t^e l^evo modification are 
amorphous. 

Adrenaline acts by constricting the blood vessels, causing 
a large rise of blood jiressure. It also stimulates tlie vagus 
centre, with slowing of the heart, and has a direct and tonic 
effect on the heart muscle. When administered sub- 
cutaneously very small doses produce a marked vaso- 
constrictor effect. 

It is chiefly used locally in hemorrhage and in catarrhal 
and congestive conditions Its vaso-constrictor action is 
employed also to intensify the elTects of local anestJietics by 
retarding the circulation in the atlected jiart, thus hindering 
the dilution of the anesthetic by too ra])id absorption in the 
blood stream. 

ADRENALINE SUBSTITUTES.— Numerous amines have 
an action more or less resembling that of adrenaline 
(Barger and Dale, ]. Phyi^ioL (iqio), 41, K)). Three, all 
closely related to adrenaline in structure, have been re- 
commended as substitutes but have not found wide 
application. 

ARTERENAL ;-3 4-dih> droxy - phein 1 - ethanol - amine, 
(OH).CoH 3CH(OH)-CII.>NH2, m.p. 191° (hydrochloride, 
m.p. 141'), is said to be about half as active as 
/-adrenaline. 

HOMORENON (a>-ethylainino-3 ; 4-dihydrox}’ -acetophe- 
none) (0H)2C6H3 C0 CH2 NHC2H5 affords a ' erj^staUine 
hydrochloride, m p. 260°, and it has a much weaker action 
than adrenaline. 
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EPININE : 4-diliydroxy-phenyl-ethyl-metliylamine) 
(OH) AH3 CH2 CH0 NH CH3 

M.p. i88'’-i8()“ (i’ynian, Trans. Chcm. Soc. (1910), 97, 272), 
is intcrniL'diate in action between the two former bases. 

ETHYL NITRITE- CHI-iNO^.—Ktliyl nitrite is employed 
in medicine in the form of an alcoholic solution, known as 
“ vSpiritus /Etheris Nitrosi.” The JkP. reipiires the solution 
to contain i 5 to 2 b ‘Ji^of ethyl nitrite, and the U. S. P. 4 0 %. 

It can be prepared by either of the following methods. 

(a) I'orty jjarts by volume of suli)huric acid (sp. gr. i 84) 
are added to 120 parts of water, followed, after cooling, b\’ 
a mixture of 85 vols of alcohol (00 %) and 83 jiarts of water. 
The mixture is cooled to o'\ when a filtered solution of 100 
parts of sodium nitrite in 280 jiarts of water is added drop 
by drop, the temperature being ke])t below' -I-3'. When all 
has been added, the licpiid jiortioii is decanted from crystals 
of sodium sulphate, and transferred to a cooled separator, in 
which the ethyl nitrite layer is separated. It is washed, first 
with 20 parts of ice-cold water, then with 13 parts of w'ater 
containing 0 6 part of sodium carbonaU* { monohydrate), 
and dried, after careful separation, by agitation with 3 parts 
of anhydrous potassium carbonate. It is then mixed with a 
weighed amount of alcohol and diluted to the required 
strength. 

ib) One hundred paits b} volume of sulphuric acid 
(i' 84 sp. gr.) are added to 1000 vols. of alcohol (90 %), 
followed by 123 vols. of nitric acid (sp. gr. 1-4), with cooling 
and stirring. One hundred parts of copper turnings are 
then added and the mixture gently distilled, the commencing 
tempc^atui^ being 77°. The receiver contains 1000 vols. 
of 90 % alcohol, which is cooled to o \ I fistillation is 
continued until the volume in the receiver has increased to 
1600 parts ; the contents of the still are then allowed to 
cool, when 25 vols. more of nitric acid are added, after which 
distillation is resumed, and continued until a further 100 
parts of distillate have been collected. 

The product is then assayed (see below) and diluted wuth 
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alcohol until it contains 2*66 % by weight of ethyl nitrite 
(B. P.). 

Spirit of nitrous ether B. P. has a sp. gr. of 0*823-0*840 
at 15“. When freshly prepared it is neutral in reaction 
towards litmus, but gradually develops acidity on keeping. 
This instability shows itself in some degree under all con- 
ditions of storage and is accompani(?d by loss of ethyl 
nitrite. 

Ten c.c. of the spirit, mixed with 5 c.c. of normal sodium 
hydroxide solution and 5 c.c. of water, assumes a yellow 
colour which should not become blown within 12 hours 
(freedom from aldehydes). 

Ten c.c. should not require more than 0*2 c.c. of N/i 
alkali for neutralisation. 

A ssay ; A quantity of about 30 grams of the spirit, 
which has been previously shaken with 0*5 gram of potassium 
bicarbonate, is transferred to a graduated 100 c.c. measuring 
flask, and is accurately weighed. It is then diluted to 100 c.c. 
with alcohol (95 %) and thoroughly mixed. A measured 
quantity of 10 c.c. of this solution is introduced into a 
nitrometer tilled with saturated brine. Ten c.c. of 10 % 
potassium iodide solution are introduced, followed by 10 c.c. 
of N/i sulphuric acid. The volume of gas evolved is read 
off when it has become constant, usually within 30 to 60 
minutes. The number of c.c. of gas is multiplied by 0*307, 
and the product divided by one-tenth of the original w^eight 
of the ethyl nitrite solution taken. At the standard temper- 
atiure and pressure the quotient will represent the percentage 
of ethyl nitrite in the liquid. 

Ethyl nitrite solution is stimulant, diuretic, diaphoretic 
and antipyretic. It is used in dropsy of renal origin, and in 
asthma, angina pectoris and dysmenorrhoea. 

''amyl nitrite (Isoaniyl Nitrite) CjHjiONO. T17.— 
Amyl nitrite is prepared by distilling amyl alcohol with 
nitrous acid. Thirty parts of the mixture of isomeric amyl 
alcohols, obtained by fermentation, distilling between 127*7® 
and 132*2°, are dissolved in 30 parts of concentrated sulphuric 
acid. To the cold solution arc added, with stirring, 26 parts 
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of potassium nitrite (or 21 parts of sodium nitrite) mixed 
with 15 parts of water. The mixture is then slowly heated, 
when amyl nitrite distils over. The distillate is washed, 
first with sodium carbonate .solution, then with sodium 
bisulphite, fmalh' with water, dried over calcium chloride, 
and rectified. The U. S. P. recpiires a content ot about 
80 % of amyl nitrite. 

By another method {Her. (1886), 19, ()15) a concentrated 
aqueous solution of 35 parts of sodium nitrite is treated 
with 44 jmrts of amyl alcohol, and the mixture cooled to o“. 
Witli efficient stirring and cooling 43 vols. of hydrochloric 
acid (sp. gr. 119) are added, the temperature being main- 
tained at o ’. The oil is then separated, washed, dried and 
distilled, amyl nitrite passing over at 94°-i^8 ’. Yield 53 parts. 

An alternative method of preparation consists in dis- 
solving 30 parts of am\’l alcohol in 30 parts of concentrated 
sul])hunc acid, adding 6 parts of copper turnings, 30 parts 
of concentrated nitric acid, and 15 parts of water, and dis- 
tilling the mixture as above. 

Am\ 1 nitrite is a pale yellow volatile li(|uid. The British 
Phanuacopana requires that 70 should distil between the 
tem])eratures of 90° and 100°. Many otlier pliannaeopceias 
(Dutch, Japanese, Ru.ssian, German, etc.) state tliat it boils 
at 97“ to 99''. To meet this requirement it is necessary to 
start from an amyl alcohol mixture having a closer range of 
boiling point than that given above. 

The specific gravity at 15 3 " should be 0 870 to 0’88o. 

Amyl nitrite is iiisoiuble in water ; soluble in alcohol, 
chloroform and ether. 

A mixture of 1*5 c.c. .silver nitrate solution, rf, c.c. 
alcoho^ (pure), and a few drops of ammonia solution, when 
gently warmed with i c.c. of amyl nitrite, should not turn 
brown or black. 

It must not become turbid when cooled to o' (ab.sence 
of water). 

Five c.c. should not decolourise a solution containing 
I c.c. N./i KOH, 10 c.c. of water, and a drop of pheuolphtha- 
lein, when shaken with it. 

I. 


^5 
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Esiimaiion : W^hen 5 c.c. of a 5 % solution of amyl 
nitrite in alcohol ((K> %) is shaken interniitlently for 5 
minutes, in a nitrometer containing saturated brine solution, 
with 5 c c of a 20 -solution of potassium iodide and 5 c.c. 
of 10 ''0 suljjhuiic acid, and the liquid in the two limbs of 
the nitronietei is adjusted to the same level, not less than 
30 c c ol ^as (nitrogen), adjusted to N. T. P. should be yielded 
(B.P ). The number of c c of gas multiplied by 5 gives the 
weight in milligrams of am\l nitrite present. 

Am\l nitrite is an antisjjasmodic, and a restorative in 
cardiac failure during chloroform or nitrous oxide amesthesia. 
It IS much used in angina pectoris, where a rapid fall of 
arterial tension is required ; m ejiilejisy, neuralgia, migraine, 
and seasickness ; also in spasmodic asthma and in hcjiatic, 
intestinal and renal colic. 

It is administered b\ inhalation ; and internally, dis- 
solved in alcohol and diffused through water b\ the aid of 
tragacanth powder. In cases of Bright's disease, wheie 
prolonged administration is required, it is advisable to 
employ an amyl nitrite that has been ])ie])ared from |)ure 
aiii)'! alcohol 

NITROGLYCERIN (Trimtrin, Glonoin) 

CH/)NOyCHONO. CH.ONO. 227. 

— As tile inejiaration of nitroglycerin on the commercial 
scale is dealt with in a book on “ p^xplosives ” m this series, 
a brief account only will here be given. 

vSix jiarts of a mixture of nitric acid (i’5 sp. gr.) and 
oleum, and having the apjiroximate composition H2SO4 58 %; 
HNO3 4 1 o I HoO 10 %, are placed in a lead vessel provided 
with cooling coils, and are agitated by compressed air. One 
part of ghcerin is introduced, through an alumiuium rose, 
hi the form of a line sjirav, the rate of addition being so 
regulated that the temperature is maintained at about 22^ 
The water in the cooling coils is maintained under a slight 
vacuum, so that in case of leakage through corrosion none 
can enter the nitration mixture. A modern t\q>e of nitrator 
is described in K. P. 15893/1911. 
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When all tlie glycerin has been added, the mixture is 
cooled to 15°. The nitroglycerin, which scp)arates as a 
layer on the surface of the acid, is disjilaced into a washer 
by running in, at the bottom of the vessel, waste acid from 
a previous charge. Tlie nitrator is allowed to remain filled 
with the waste acid until required again for use Nitrogen 
oxides evolved during the operation are earned away to a 
stoneware condensing tower and absorbed in water. The 
nitrogl) cerin is washed, in wide and shallow tanks, thrice 
whth water at 18 f four times with a 'Jo solution of 
sodium carbonate, and Jinally twice with water at 30^'. 

Nitroglyceim is a colourless or jiale yellow' oil, specific 
gravity lO. It is very slightly soluble in water, dissolves 
re.idib' in alcohol and is mi.scible with ether or chloroform. 
Wiicn shaken willi water the latter should not acquire an 
acid leaction. Nitroglycerin explodes with great violence 
on ])eicussion. It is eni])loyed in medicine in tlie form of a 
io solution in alcohol. 

Nitroglycerin is a vaso-dilator, emplo}'ed chielly in angina 
]H‘ctoris associated with aortic diseases. It reduces arterial 
tension in Bright’s disease, and acts as a diuretic and 
diminishes the albuiiiinnria Its action is similar to that of 
anml nitrite, but is slowei and more jiroloiiged. It is 
employed also in spasmodic asthma and in headache or 
neuralgia if associated witli pallor. 

ERYTHROL TETRANITRATE (tetranitrin) 

CH2ONO.. 

I 

(CHON()o)o J02. 


CH.ONO. 

-- The preparation of er\ throl tolranitralc is based on a 
method given by ,Steuhonse {Ann (1849), 70, 226). 

One jiart of powdered ery throl is added, with good 
stirring and 111 small quantities at a time , to strongly cooled 
nitric acid (sp. gr. 1-5), 4| parts. The temperature is not 
allowed to rise above of When tdl has dissolved, 9 parts 
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of concentrated sulphuric acid are added, and the mixture 
allowed to stand, when the tetranitro compound crystallises 
out. After several hours it is filtered off, on asbestos, 
washed with ice-cold water until the washings are free from 
sulphate ions, and recrystallised from hot alcohol. 

Hrythrol tetranitrate is a colourless crystalline solid. 
M.p. 6i. It is sparingly soluble in water; readily soluble 
in alcohol. The solutions should be quite neutral. It is 
stable if kept in a dark and cool place, but if exposed to 
w'arnith and especially sunlight it rapidh’ decomposes. 
Care should be exercised in handling this substance as it 
explodes on ])ercussion. 

Tctranit rin is a vaso-dilator ; it is comparable m action to 
nitroglycerin, having, however, a less marked but more ])io- 
longed activity. 

MANNITOL HEXANITRATE (hexanitrin) 

CH 20 N 02 (CH 0 N 0 J 4 CHo OKOo. 45 ^. 

-- One part of finely ])Owdered mannitol is gradual!) treated, 
with stirring, with 5 parts of nitric acid (sp. gr. r5). When 
all has divssolved, the solution is cooled to 0" and 10 parts of 
concentrated sulphuric acid are added. After standing for 
an hour the separated cr)'stals of mannitol hexanitrate are 
filtered off, and washed, first with cold wuter, then with 
warm sodium carbonate solution. The)’ are finally re- 
crystallised from alcohol (Sokolow’, Joiirn. d. Russ. Chem. 
Gcs. 11,13b). According to Strecker (A 7 in, 73, 62), one part 
of powdered mannitol is nibbed with just sufficient nitric 
acid (r5 sp. gr.) completely to dissolve it. The solution is 
then treated alternately with nitric and sulphuric acids until 
4J parts of the former and 10 1 parts of the ktter have 
beeij added. A hard mass of crystals is obtained. They 
are filtered off, wivshed with cold water, partial!)’ dried and 
ciy’stallised from alcohol. 

The uitro-sulphuric acid mixture affords, when diluted 
with ice, a further quantity of mannitol hexanitrate. 

^Mannitol hexanitrate crystaUises in colourless silky 
needles. It is almost insoluble in water, is fairly soluble in 
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alcohol, and readily soluble in ether. It explodes on ner- 
cussion, and therefore requires to bo handled with care 
It IS employed as a vaso-dilator in a similar manner to 
erythrol tetramtrate. Its action is said to be more pro- 
longed, but nulder than that oferytlirol tctranitrate 



Section VJ II. -DIURETICS AND URIC ACID 
SOLVENTS 

NonI' of the drills available for iucreasini; the flow of urine 
eaii be regarcU'd as satisfaeloril\- meeting the requirements of 
medieal ])raetiee. Theobromine, theophylline and caffeine 
are tlu' substances in commonest use for thi^ purpose. 

vSince these are derivatives of uric acid and it is for the 
elimination ol uric acid that such drugs are most frequently 
re(|uired, the objection to them m tins connection is 
obvious. 

The hormoiu* secreted by the ])Osterior lobe of the 
pituitary gland exerts a ven marked diuretic action. The 
chemical nature of the substance so secreted is not 3 et 
determined, and when this is achieved it is not improbable 
that the knowledge s('> acquired will materially assist the 
chemist in the search for an ideal diuretic substance. 

( )f drugs which act ns solvents of uric acid piperazine 
and atophan have given greatest sati'^hiction ; tlie former is 
a solvent ui vitro for uric acid but does not ajijiear to act 
satisfactorily in dis.solviug uric acid gravel and calculi. 
Ato])han increases the amount of 111 ic acid eliminated by 
the urine in a manner as yet imcx])lained. 

CAFFEINE (i .3.7 trimethyl-xanthiiie) 

(U (G) 

CH3N— CO 

le.. U iVyCU, 

CO C- Nk^ (8) d-H.O 212. 

!ei) li(4) (9) 

CH3N-C— N' 

— Caffeine js manufactured from natural sources as well as 
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synthetically ; tlie former consist of soiled Xva or tea-dust 
and the b^'-product from tlie preparation of “ cafl'eine-free ” 
coffee extracts, wliilst s> ntheticall\ it is obtained, as are the 
closely allied compounds, theobromine and t]ieo])h\ lline. from 
uric acid, by the followini; reactions, of whicli imnuTons 
modilications have been devised. 
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1.3. 7-trimethyI uric acid is also obtained In- the 
direct meihylation of uric acid. Treated with phosphorus 
oxychloride it gives 8-chloro-caffeine, from wliich caffeine is 
obtained on reduction. 


CH;t- N^CO 

I I 

I I 

CO C— 


/CH, 


CH,— N— C-X 


.t/- 


CCl 


Caffeine. 
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Probably the first method only is employed commercially 
for making cafleine from uric acid. Amongst other advan- 
tages it ])Ossesses, diacetyl-diamino-uracil, one of the inter-' 
mediate compounds, lends itself readily to conversion into 
the imi)ortant substance Iheophyllin (or theocin). The 
second involves two more operations, and includes two 
reductions witli expensive reducing agents. 

Caffeine is also manufactured by Traube’s method, by 
which dimethyl urea (or dimethyl guanidine) and cyanacetic 
ester constitute the starting out materials. This is more 
economical tlian I'lscher’s earlier process, which started 
from ethyl malonate and dimethyl urea. 

Traube’s synthesis ■— 


U) 
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I 1-j C)-(hoxy 

4 f-diaminu p> nmidme. 

I H- fOOH 

Clljl 1 1 

Catloinc lO(-NJl*CHO 

NaOH I jj 

Cl],— N--r- -NH; 


Dimethyl guanidine can be used in ])lace of dimethyl 
urea, the C—NH group being subsequently converted into 
C~0 by hydrolysis. 

Dimeth}! urea is pre])ared by distilling potassium 
isocyanate with potassium methyl-sulphate and treating the 
resenting methyl-isocyanate with methylamiue, or with 
water. 


CH.iN=C=0+CH3NH2 

2CH3NCO+H.O 
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Guanidine is now made from calcium cyanamide via 
dicyano diamfde, which is ])repared from calcium carbide 
(D. R. P. 222552), and is metln kited by means of dimethyl 
sulphate (Arch Pharm. (1909), 247, 466). 

Extraction of Caffeine from Tea.— Tea dust is ex- 
tracted with boilinj^ water. The extract is treated witJi 
lead acetate solution so lon^ as a precipitate is formed, and, 
after filtration and removal of the excess of lead from the 
filtrate, is evaporated to small bulk. On cooling, the 
caffeine crystallises out. It is fdtered off. and purified by 
recrwstallisation from water, employing charcoal as a 
decolourising agent. Or the extract may be evaporated 
to dryness on a film evaporator (Fig. 24) and the dried 
material extracted with ether from which tlie caffeine 
crystallises. 

Alternatively, the powdered tea is mixed with one quarter 
its weiglit of slaked lime, and exhausted with 80 % alcohol. 
The extract is freed from alcohol by distillation, the residue 
is diluted with water, se])arated from fat, concentrated, and 
allow'ed to cr>,sialhse. 

I 'or recrystallising caffeine, alcohol, Ixmzene, or chloro- 
form may be u.sed m place of water. 

Preparation from Uric Acid (If R. P. 121224) : 

NH— CO 

I i 

S- 7 nftlivl-xa)i/liint' CO C -NII^ 

I II iC-CH3 

Nil C 

— One ])art of uric acid is boiled with 10 parts of acetic 
anhydride for 80 hours, or is heated under pressure at r8o°- 
185'" With 5-6 parts of anhydride, or is boiled for 40-45 hours 
wdtli 10 parts of acetic anhydride and 0 5 part of pyridine 
at atmospheric pressure. After cooling, the product is 
filtered off. It is boiled with water, in wdiich an>' diacetyl 
diamino-uracil which has not been converted into 8-methyl- 
xanthine will dissolve. After filtration the insoluble 8- 
methyl-xanthine is washed with alcohol. 
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1.3.7. ^'iclya-nidhyl-xtinihinc (8-metliyl-caiifeine). 

CH-v N- C 

! I Clh 

C( ) C N 

I p C113 

C— K 

--Ten parts of 8-metli\ l-.\antliino are dissolved in lo ^ vols. 
of '2N sodiiini li\ dioxide, mixed with 12 parts ol nietliyl 
ehlonde and lieated in an autoclave for 7 lionis at 80". 
t)n eooliie^, the 8-metli\ 1-eaffeme crystallises out in the form 
of liiu' needles 

It dissolves in i () jiarts of boiliip^ water, is easily soluble 
in hot chloiofonn, and fairly readil\' soluble in alcohol, 
lieir/cne, acetone, and ethyl acetate. 

CHa-N-CO 

I i /CH3 

8*/; !i Jiloromtihyl-L aif^inc CC) C— N<" 

I !i CCI3 

CHs-N-C-N 

(1). R P. 136714)- ( )ne hundred jiaits of 8-nieth> 1-caffeine 
are dissolvc-d in 500 vols. of chloroforiu and the sfiliition is 
cooled to o"'. At this temperature are added, with con- 
stant stirring, 270 parts of sulphur>l chloride' (SOoC^). 
When the addition is comjilete, and hydrogen cliloride has 
ceased to be evolved, the chloroform is distilled ofl and the 
product nurified by recr)\stalhsation from eth>'l acetate. 

Altetrotiveh', direct chlorination of the chloroform solu- 
tion can be effected. 8-trichloro-methyl-caffeine melts at 
i 82"- i 84^ 

Caffeiqe from 8-trichloro-methyl-caffeine (1). R. P. 
1511J3).- One part of 8-trichloro-metln 1 -caffeine is boiled 
under reflux w'ith 10 j)arts of water until the acidity re(|uired 
by the following equation is developed ‘ — 

— N" — N 

The solution is then evaporated and the caffeine, w'hich 
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crystallises out after cooling, filtered off, washed, and re- 
cry stall ihcd. 

Alteniativelv, one ])arl of dry 8-tricliloro-methyl-caffeine 
is HMxed with one part of anhydrous oxalic acid and the 
mixture heated for several hours at i5o°-t 8()°. After 
cooling, the reaction jiroduct is powdered, dissolved in 
chloroform, filtered and distilled to dryness. The residue 
is recr\ stallised from ethyl acetate. 

Preparation from Dimethyl-urea: 

I'lliyl (yanacctatc CN - COOCoHr, [Amcr. Jour, of 
Sci. (i()o8), 26, 275). — Two hundred jiarts of monochloracetic 
acid are treated with 50 parts of water and 300 parts of sodium 
carbonate cryst. with stirring. The reaction is endothermic, 
causing the mass to freeze, and may be hastened by circu- 
lating water at atmospheric temperature round the vessel. 
The solution of sodium chloracetate is then poured as quickly 
as possible into a solution of 1(15 jiaits of potassium cyanide 
(98 ill 250 parts of water, which is maintained at a 
temperature of loo^'-i 10°. After the addition is complete the 
solution is boiled for 5 minutes to conqilete the reaction. 
After cooling, the solution is made faintly acid v\ith sulphuric 
acid, employing logwood paper as the indicator. The precipi- 
tated salts, sodium and potassium sulphates and chlorides, are 
filtered off, and the filtrate, which contains cyanacetic acid, 
is concentrated as far as possible under reduced pressure 
at yo' -No"^, The salts are washed with 300 vols. of 96 % 
alcohol and filtered, when The alcoholic filtratej^s mixed 
with the cyanacetic acid residue. The^ mixture is well 
agitated, filtered, and the insoluble matter washed with 100 
parts of alcohol. The combined alcoholic solutions are 
then freed from .solvent by distillation undtr reduced 
pressure at 

^ The residue consists chiefly of cyanacetic acid, with 
some ester and a little alkali cyanacetate. Pure cyanacetic 
acid may be obtained by extraction with hot chloroform, 
from which it crystallises well. For the preparation of the 
ester the crude acid is mixed with 100 vols. of absolute 
alcohol and 5 vols. of sulphuric acid (i'84). The mass is 
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esteiified by heating the mixture to boiling and passing 
through it, during 2J-3 hours, the vapour of 500 vols. of 
absolute alcohol. The ester is then purified b}’ extraction 
in the usual way, washing, and rectifying in iUiciw. 

The yield is stated to be 92-93 %, 

( ondcnsation of hthyl-cyanac elate and Dnnethyl-uyca 
CH3— N- CO 

I i 

CO CIl Jwentv parts each ol sodamide 

I II 

CH3- i\- C- Nil, 

tiiid dr\ diiiielliN l-ure<i are lliorouglily mixed, and treated 
with 20 ])arls of xxleiie. Willi ctlicient stirring and good 
cooling are added 20 parts of etliyl-c\ anacetate. After 
the iiiaiii reaction is over, the mixture is healed for several 
hours at J0()°-i20'. 

After cooling, the [irodiict is I'arefully tieated with water, 
the x>'leiie removed, and the i 3-diinethyl-2 . 6-dioxy-4- 
amino-iiyrimidine jirecipitated with acid (D. R. J\ 165561). 
Instead ol sodamide, sodium in absolute alcohol may be 
used ( 1 ). R r. 134984). or sodium in xylene (]). R V. 165562). 
1 . ^-duneihyi-z , ^y'dioxy-y-annno-yiwniifo^o-pyrimidine 
CH3- N- C-O 

I I 

CO C-~ NOH 

I 11 

CH 3 ~ N- C-^NHo 

The above compound is dissolved in hot water containing 
the theoretically necessary quantity (i mol.) of sodium nitrite. 
Dilute acetic acid is then added, when the solution becomes 
red-coloured and the isoiiitroso derivative commences to 
crystalhse quI. After standing for about 24 hours crystal- 
lisation IS complete and the liquor is almost colourless (Ber. 
(1900), 3052). 

Reduction to i , 3-dimethyl-2 . 6-dioxy-4 . 5-dia- 

CH3- N-C -=0 

nuno -pyrimidine CO C — NH2 According to Traube's 
I II 

CH3 — N — C — NHj 
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original method, this was carried out by boiling with 
ammonium sulphide solution. It is stated by D. R. P. 
161493 to be better efiected by the following ])rocedure. 

I'ive parts of the isonitroso compound are rubbed up 
with 50 to 100 parts ol 20 % siil])huric acid, and the mixture 
graduall)' treated with 5 ])arts of zinc dust. The temper- 
ature IS maintained, by cooling, at betwxen and 30°. 
The red colour of the isonitroso body gradually disappears, 
whilst white crystals of the sulphate separate. Water is 
added after the reduction is finished, the mixture is filtered 
and the zinc residue washed tlioroughly with hot water. 
Tiie combined filtrates are freed from zinc, by treatment 
with sodium carbonate, and evaporated to dr\ ness. The 
base IS extracted from the residue with chloroform or some 
other suitable solvent. M ]) 20(/'. It is stated that this 
reduction can also be effected with iron, and accoiding to 
1 ). R. r. 1 6026^ it is earned out eIectiolyticall\ , 

I . ^-dimctliyl-2 ()‘(iu)xy‘4-amifW-^-Jon)iyliunui() pyri* 

-C-NH-CHO 

inidiiic II The formvl com])Oimd of the base 

-C-Nllo 

thus obtained is ])re])ared by dige.sting the diamine with 
several times its weight of ()0 per cent, formic acid at its 
boiling point. Tlie resulting substance melts at 252°. If 
necessary it is purified by recrystallisation from water. It 
is dried before further treatment. 

' f 

Convcision oj CO C— NH — CHO inlo caffeine — 

I II 

CH3N~-C— NII 2 

The completely dry formyl compound is dissolved in 
absolute alcohol containing one molecular equivalent of 
sodium ethylate, the quantity of alcohol enqiloyed being 
such that the resulting sodium salt remains dissohx^d in the 
hot solution ; a slight excess of inellu l iodide is added and 
the mixture refluxed for several hours On then con- 
centrating the solution caffeine separates in long silky 
needles. 
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By another series of reactions urea is condensed with 
cyanacctic ester to 2 . 6-dioxy-4-aniinopyriiuidine (E. P. 
22126/1904), which IS converted first into tlie isonitroso, 
then into the diaiiiido coiiij)oiind. This, on nicthylation, 
(D. R P. 148208) yields i . 3 -diiiiethyl- 2 . 6-diox\ -4-ainino- 
5-form} laniino pyriiiiidine (see above). 

Caffeine crystallises with one molecule of water in fine, 
colourless, silky acicnlar cr> stals, w hich possess a bitter taste. 

It dissolves in one part of boiling, and in 68 parts of 
cold, w'ater ; in 7 of chloroform and in 40 of alcohol (90 %). 
In ether it is onl\- sparingly soluble (i in 400). 

Caffeine loses its w'ater of crystallisation at 100 ' and then 
melts at 132 -13 1 • It dissolves without colour in sulphuric 
and nitric acids. The aipieous solution should be neutral 
to litmus and should give no precijiitate with mercuric 
l)otassiuin iodide solution. The cold saturated aciueous 
solution should not become* turbid with chloiinc water, nor 
become coloured on the addition of ammonia solution. 

Calfeine acts on the kidneys (increasing the flow' of urine), 
and on the muscles and h(*arl also 011 the central nervous 
system. The stimulant action of tea and coffee is due to 
it. It is employed in medicine as a heart tonic and diuretic. 
It is frequently given in the form of tajfcinc ciiraic, a mixture 
with citric acid which i-* soluble in 32 parts of water, or in 
combination with sodium salicylate or sodium benzoate, 
both of which increase its solubility in water. 

Theophylline 01 Theocine. (i . 3-di- methyl-xanthine). 

CO 

! I 

CO C--NH 

• I ;i ^EH-fHjO 198. 

CH3N-C - 

Theophylline occurs naturally in small amounts in the tea 
plant. Camellia Thca, in a.ssociation with caffeine. That 
used in medicine, however, is exclusively prepared syntheti- 
cally, from uric acid, urea, guanidine, or their methylated 
derivatives. 
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(i) From uric acid : 1.3.7. 8-tetra-nietliyl-xantlime 
(see Caffeine), on exliaiistivc chlorination, gives a tetrachlor- 
tetrametln 1-xanthinc, which affords theophylline on hydro- 
lysis : — 


CllaN- ( -O 

I i /II 3 

C 0 ( 

I !I (--CJJ, 
N' 

J ttr.iiiii lliyl-xaiilliiiu . 


I 1 

CO C--S< 

I li h 

CH, C— N 


Koif I ! Al 

> ( O ( - N ' 

I I 

CIJ 5 — N-(- 
J lu ii)>liylljm . 


(2) From diacetyl-diamino-uracil, by the following 
steps 


Nil- -CO Mi— CO 

I ! I I i, 

CO (' --M1-.COC II 3 “> ( O (, Nil, _ 

I 11 I II ‘ 

Nil- C' Ml- < (X II3 Nil- ( Nil, 

Diaa'tvlali.iinino ui.u il 4 sdurnnio 


(ixc C.ill' I 


1 ') I iiiudii 


Ml --((J 

I ! 

CO C— Ml~CHO 
I II 

Ml-C- Ml, 

I Me tijyljtioil. 


ClJj— N— ( O 
KOH 1 I 

Tljc()j>li\ llinc < ( (J> C--NH— CHO 

( II 

CII,--N'--C— MI, 

I . 5-dimt. tliy I-4 tonnylainido* 

:: . () dioxv p\ i miKinic. 


{3) From dimethyl utea and cyanacetic ester. —The 
])rocedure is the same as in the case of caffeine, except that 
tlie methylating agent is omitted in the final stage ; the 
conversion of i 3 -dimethyl -4- amino- 3 -formylamido-2.6- 
diox\' -pyrimidine into tlieophvlline being effected with 
I)Olaish. 

The same compound is obtained as stated under 
Caffeine, p. 23(1, by condensing urea with cyanacetic ester 
and methylating the 4-amino-5-formylamido-2 . 6-diox>^ 
pyrimidine. 
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Method I. 

Chlorination of 1.3.7. ^-tctramcthyCxanthinc to i : 3- 
dimethyl-'] -dichloromcthyl-'6-iriLhlo}omcthvl-xani}nnc 

CHg-N-CO 

I I .CHoCl 
CO C -N<' 

I II 

CHr-N -C— 

Two iiu'tliods of procedure are in I). R. P. 146715. 

(а) One part of telrametliyl-xanthiiie (8-inetliyl-cafTeine) 
h dissolved in 8 parts of nitrobenzene, heated at ()0°~I0()°, 
and chlorinated until no more chlorine is absorbed. Chlorine 
in solution is removed by a current of air, and the nitro- 
benzene is distilled off tn vacuo, the product being recrystal- 
lised from hot alcohol. It melts at 204°-205''. 

(б) Ten jiarts oi 8-niethyl-caffeine are suspended in 50 
jiarts of nitrobenzene containing a trace of iodine, and 36 
]iarts of sulphur) 1 chloride are gradually added, with stirring. 
After a short time the suspended solid dissolves, heat being 
evolved. The solution is allowed to remain at room temper- 
atuie for several hours, after wliicJi it is heated for two hours 
at 100°. The nitrobenzene is removed by steam-distilla- 
tion. After cooling, the solid product is filtered off and 
purified b>‘ recrj'stallisation from alcohol. 

Conversion of tclrachloro-S-mcthyl-xanthinc into TheO'^ 
phylhne (D. R. P. 151133). — One part of the tetracliloro 
compound is boiled under a reflux condenser with 10 parts 
of water until no more formaldehyde is evolved, and until 
the acidity of the solution has increased in accordance with 
the eq itidn- 

fjHjU '‘^11;,CH+CU2JHCH0+4HC1 

— N'"' 

The acidity is neutralised with alkali, and, on cooling, 
theophylline crystallises out. The yield is stated to be 
quantitative. 

I. 


16 
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Method 11. 

NH- CO 

I I 

4 . ^-d'lacctyl-diannnO'Uracil CO C — NH— COCH 3 

I II 

Nil- C-NH--COCH3 
(]). R. r. 126797) — Ten parts of uric acid are boiled for 
15 hours with 30 parts of acetic anhydride and 5 })arts of 
inuidiiK* The solid reaction-])roduct is liltered off and 
boiled with 30 parts of water. The diacetyl-diaiiiino-uracil 
passes into solution, 8-meth\ 1-xanthine remains undissolved, 
and is filtered off. The filtrate is concentrated, and on 
coolin^y the desired jiroduct crystallises out in colourless 
needles. 

NH-CO 

I I 

4 . ^-dia}ni)w -2 . 6 ‘dioxy-pyrumdinc C< ) C — NH2 

I II 

NH— C—NH. 

Fifteen parts of diacetyl-diamino-uracil ar(‘ boiled gently for 
35 minutes with 100 volumes of 50 *’4 caustic alkali solution. 
After cooling, the cle'ar solution is diluted vNith 300 vols. of 
water and treated with an excess of sulphuric acid, when the 
sparingly soluble sulphate of 4 . 5-diammo-2 . b-dioxy-pyrimi- 
dine is precipitated. 

A^-a»nno-y{ormyla}nido-2 , b-dioxy-pyrim\dmc 

NH-CQ 

I 1 

CO C— NH— CHO 

I II 

NH— C— NHo 

The sul])hate. after being dried, is mixed with one mole- 
culSfr equivalent of sodium formate and boiled with 10-15 
parts by weight of 90 per cent, formic acid. vSolution first 
occurs, followed by the gradual formation of a precipitate. 
After cooling and dilution with water the product is filtered 
off, and purified by recrystallisation from water, or by dis- 
solving in dilute alkali and reprecipitatiug with acid. 
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1.3- dimethyl - 4 - ami>w - 5 * formylamido -2.6- dioxy - 
CH3-N— C 

I ! 

pyrimidine CO C--NH— CHO. — Eiglitv-five parts of the 

I li 

CH;,~N-C— NHo 

monofonnyl compound are dissolved in 1050 parts of normal 
caustic soda and 300 ])arts of water, and treated, at 3o‘’-40°, 
with efficient agitation, with 160 parts of methyl iodide. 
Wlieii this has for the most part disappeared, the reaction 
mixture is aciditied with acetic acid and cva])orated to 
small bulk. The dimethylated bod>’, which crestallises out 
on cooling, is purified by rccrystallisatioii from water 
(D. R. P. 148208). 

CHjN— CO 

'll 

('onvcrsiion of CO C — NH — CHO into Theophylline 

I li 

CPI;r-N-C-NH2 

{D. R. P. 138444). — Ten parts of tlie dimethylated mono- 
formyl compound are warmed at 90^-100'' with a mixture of 
lo jiarts of 30 % caustic soda and 100 parts of water. After 
cooling, the solution is saturated w'ith salt, or with caustic 
soda, when the sodium salt of thcojihylline crystallises out. 
After filtration the base is obtained from it by neutralisa- 
tion with acid, and is jiurified by recr>'stallisation from water. 

Alternatively, a solution of 3 % alcoholic jiotash (100 
parts) or of potassium (2‘i parts) in alcohol (100 ])arts) may 
be employed. In these cases the potassium salt of theo- 
phylline crystalli.ses out on cooling. 

Method III. 

From Urea and Cyanacctic ffsitT.—Preparation of 4-ainmo- 
2 . 6-dioxy-pyrimidine 

NH— CO 

I I 

CO— CH 

1 II 

NH-C-NHg 
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Cyanacetic ester, 113 parts, is dissolved in 2260 parts of 
absolute alcoliol containing 46 parts of sodium. Urea, 58 
parts, is then added and the mixture boiled under reflux for 
several hours. The solution is then neutralised, the alcohol 
distilled off and the residue dissolved in water. The base is 
precipitated by addition of acetic acid and is filtered off. 
vSodium or sodamide in xylene may be used instead of sodium 
in alcohol. 

The (Oil version of this compound successively into the 
C~mii -C-NHo 

iso-nitroso [j , diamino H , and formvldiamino 

C-NH.> — C- -NHo 

— C- NH-~-CIb ) 

II compounds is performed in the manner 

— C-NH. 

described under caffeine for the i . 3-dimethyl derivative 
(]i. 237). The methylation of the last-named body and the 
conversion of the dimethyl com])ound into theophylline have 
been described above. 

Theophylline forms colourless crystalline needles con- 
taining one molecule of water, which is lost at iio“. The 
anhydrous substance melts at 268''. It is soluble in 190 
jiarts of cold water, and in 80 parts of (jO % alcohol. It 
dissolves readily in ammonia and alkalis 

Theophylline is used as a diuretic, mostly in the form of a 
double compound of its sodium salt with sodium acetate. It 
is indicated in all forms of di'opsy in which the functions of 
the kidneys arc not too seriously impaired by the disease. 
Theophylline is a less powerful stimulant than caffeine, but is 
more active as a diuretic than either caffeine or theobromine. 

THEOBROMINE (3 . 7-dimethyl -xanthine) 


NH-C=-() 

I 1 /CH 3 

CO C— N\ 180. 


CH3N C--N 




CH 


--Theobromine is contained in the seeds, both in the shells 
and the endocaTp. of the cocoa plant, Theobroma Cacao, from 
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which it is €;^tracted commercially. It is probable that the 
entire present demand is, or could be, economically met from 
this natural source. 

Extraction from Cocoa Beans.— This is effected in 
essentially the same way as has been described for caffeine. 
Cocoa beans, which contain from i to 2 per cent, of the 
alkaloid, are pressed as free as ])ossible from fat, ground to a 
line powder, mixed with one-half their weight of sifted slaked 
lime, and exliausted with 80 % alcohol. The extract is 
acidhied with hydrocliloric acid and the alcohol removed by 
distillation. The residue is diluted with water, freed from 
fat, concentrated to small bulk, and made alkaline with 
ammonia, whereby the theobromine is ])recipitated. It is 
filtered oft and purilied by recrjslallisation from boiling 
water, 01 from 80 % alcohol. 

Theobromine can be synthesised, however, by moditica- 
tious of the methods that have been described under Caffeine 
and Theophylline. The starting point ma>' be either uric 
acid, urea or moiiomethylated urea, or guanidine. 

A few examples are given : — 


From Uric Acid— 

(0 

NH— CO 

I 1 

CO C — NHv Mtihyl.ition 

I " )co 


NH— NH 

Uric acid. 


NH— C O 

I I 

. CO C— Ml^ 

1 11 
CH,N-C-NIH 

3 -mcthyl uric acid 


N H— CO 


\CO 


rod. 


C— NH 

I !! 

CH,N' -C— N- 


\ccr 




( 2 ) 

NH-''0 • 

I i XHjOH .M1 + 
CO C-N 
} i| '--;XO 

CH,N-C-NH/^ 

3'methyl-7-oxymetliylcnc unc acid. 
(Aljo by methylation ol 7<'xynrc- 
tbylene uric acid). 


NH— CO 



Lli. 

, 

>CC1 Theo- 
j/y bromin. 


CO (■ 

I II /- 

CH.N— e — 

3 . 7-dimethyl uric acid. 

NH— CO 

ci C~N CH, 
I ii >CCI 


Thdobtomtac, 
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( 3 ) 


From Methyl, or Methylacetyl, Urea (Ttaube). 


HN— COCH 3 

1 

COOLt 

1 

HN— CO 

1 1 

1 

CO 

1 

-f- CH, 

1 

1 1 

CO CH 

i 11 

CHjN— C— NI 

CllgNH 

1 

CN 

jMtlhyl-Jcclyl ure.r 


3'inethyl-4-ainmo 

pyrunidmc. 


HN— CO 

I I 

COC— Null 
I II 

CH,N~C— xMl, 


HN— CO 

I I 

► COC— NIL 

I II 

t liaN— O— Nil, 
j*m( lliyl 4.^ cliauijiio 


)>>iinnduK' 


HN— CO 

I I 

CO C— Nli— CHO 

! II 

CHjN— C— NH, 

HN— CO 


TlK'obronunr. ^ 


jMrthyldtlon 


I I 

CO (.— NH\ 


>CH 


CHgN— C - I 

, nirthyl-\anthiiir 


Of these the only one that will be given in detail is that 
via h\ droxynieth> leiic uric acid, ot which an example has 
not previoush been furnished. It is not intended to imply, 
however, that this would be the most economical method of 
syntheticalh jireparing theobromine. 

Preparation from Uric Acid 

'j-hydwxymcthylcnc unc acid 

NH— CO 

I I /CHoOH 

CO C -- -f HoO (E. P. 20447/1898). 

I i| )co 

NH— C— NH 


— One ])art of uric acid is dissolved, by the aid of gentle 
warmth, in 15 ])arts of water and i part (2J mols.) of 80 % 
caustic potash. The solution is cooled, mixed with r 6 parts of 
40 % formaldehyde, and allowed to stand for about 24 hours. 
It is then acidified with hydrochloric acid, agitated with 
charcoal and quickly filtered. On standing, ox}^methylene 
uric acid ciystallises out. It is filtered off, washed with 
alcohol and dried. 
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y methyl-'^ -oxymcthylenc-urk acid 
NlI-~CO 

I I ,CHoC)H 

O ) C N ^ 

I II AX) 

CIlj N— C-MA 

(H. P 3 Joo^i8 ()()). 

I'lttecn parts ol 7-0x3 Iciic uric acid arc dissolved iu 
50 parts of twice normal iiotassium liydioxidc solution (ij 
luoK ) and 50 parts of water Met Ii\ 1 iodide, j j jiarts by 
volume, IS added and the mixture heated in an autoclave for 
2 hours at 8o''-(jO with stirrmj^ ( )n cooling, some 3, -method- 
uric acid cpvstalliscs out. This is sc])arated and converted 
into j-meth) I-7-0X3 metln dene uric acid Ipv treatment with 
formaldeli) de Tlie hltrate is evaporated in vacuo, and on 
iieutiahsation j-nietli\ l-7-ox\ metindene 111 ic acid separates, 
and is collected. 

It IS stated that the same pioduct is obtained when I 
part of potassium urate, 5 5 parts oi ^o T> lormaldeli\ de, 
7'5 parts (b\' vol ) of inetlnd iodide, and 7 8 jiarts of water 
arc heated together in an autoclave at 90 Mor 2 hours 
J . j'diincihyTai i( at id 

NH— CO 

I i /CH 3 

CO c n( 

I II /CO 

CH3N-C— NH^ 


(U. P. 1678/1899). 

Om part of 3-methyl-7-oxyiiicthylene uric acid is dis- 
solved in 8 parts of concentrated hydro( hloric acid, cooled 
to, and maintained at, treated with 5 to 6 jiarts of 
granulated tin, and stirred. W^heii the evolution of hydrogen 
has become sluggnsh, after about 20 hours, the reaction is 
accelerated by the introduction of gaseous hydrogen chloride. 
After about 40 hours any undissolved tin is st'parated and 
the liquid is diluted with water, w^hen 3.7-diniethyl uric acid 
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( 3 ) 


From Methyl, or Methylacetyl, Urea (Ttaube). 


HN— COCH 3 

1 

COOLt 

1 

HN— CO 

1 1 

1 

CO 

1 

-f- CH, 

1 

1 1 

CO CH 

i 11 

CHjN— C— NI 

CllgNH 

1 

CN 

jMtlhyl-Jcclyl ure.r 


3'inethyl-4-ainmo 

pyrunidmc. 


HN— CO 

I I 

COC— Null 
I II 

CH,N~C— xMl, 


HN— CO 

I I 

► COC— NIL 

I II 

t liaN— O— Nil, 
j*m( lliyl 4.^ cliauijiio 


)>>iinnduK' 


HN— CO 

I I 

CO C— Nli— CHO 

! II 

CHjN— C— NH, 

HN— CO 


TlK'obronunr. ^ 


jMrthyldtlon 


I I 

CO (.— NH\ 


>CH 


CHgN— C - I 

, nirthyl-\anthiiir 


Of these the only one that will be given in detail is that 
via h\ droxynieth> leiic uric acid, ot which an example has 
not previoush been furnished. It is not intended to imply, 
however, that this would be the most economical method of 
syntheticalh jireparing theobromine. 

Preparation from Uric Acid 

'j-hydwxymcthylcnc unc acid 

NH— CO 

I I /CHoOH 

CO C -- -f HoO (E. P. 20447/1898). 

I i| )co 

NH— C— NH 


— One ])art of uric acid is dissolved, by the aid of gentle 
warmth, in 15 ])arts of water and i part (2J mols.) of 80 % 
caustic potash. The solution is cooled, mixed with r 6 parts of 
40 % formaldehyde, and allowed to stand for about 24 hours. 
It is then acidified with hydrochloric acid, agitated with 
charcoal and quickly filtered. On standing, ox}^methylene 
uric acid ciystallises out. It is filtered off, washed with 
alcohol and dried. 
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86.-~Piperazine is manufactured according to the following 
reactions. Diphenyl-piperazine is first prepared by treating 
ethylene dibroniide with aniline in the presence of an alkali : 

20 . 2 ^ 41^^2 “|“ 2 CQH 5 l\H 2 ~j“ 2 lSa 2 C 03 

/'TT ^ 

CH 2 ^CHo ^^6^6 -|~2C02 -}-2H20 

This is converted into its diiiitroso coinj)OUiid or into a 
diuitro-disulphoiiic acid, 

CH2 ' -f-2HN02 

— C6PI4N ^ CH2/ ^ ^'0^4 — T^HyO 

n TT X- CH2 - CH.> , 

01 CeH^Is 


S 03 HC,H 4 N(CH 2 ) 4 NtV-liS( 

C NO. . J.J X. OH.) 

KSU3H 

botli of which, on distillation with alkali, afford piperazine. 

Diphoiyl-pipcrazinc (Bischoff, jBcz. 22 , 1778). --A mixture 
of 188 parts of ethylene dibromide, 93 parts of aniline and 
106 jjarts of jjowdered anhydrous sodium carbonate is 
heated together with stirring at 130'' for several hours. 
The reaction mixture is extracted with hot water, to dissolve 
out sodium bromide, steam is blown through to remove 
unchanged materials, and the diphenyl-jiijierazine is filtered 
off, and w^ashed. Yield 90 %. 

Dtniiroso-dtphcnyl-pipcrazi}ic~~\)i\)h(tny\-\n^tTXi\m, 238 
parts, is warmed with thrice its weight of 22 per cent, 
hydrochloric acid, or an equivalent quantity, and the mixture 
is ther maintained at 4°-5°, with continual stirring, whilst 
an aqueous solution containing the equivalent of 138 parts 
of 100 '% sodium nitrite is slowly added. After the addition 
is completed the reaction mixture is allowed to stand in the 
cold for several hours, when the hydrochloride of the dinitroso- 
diphenyl-piperazine is filtered off. 

Piperazine. — According to the method given in D. R. P. 
60547, by weight of the dinitroso-diphenyl-piperazine 
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(liydrocliloride) is distilled with 3 parts ^ of a 25 % 
solution of caustic soda until the distillate no longer affords 
a precipitate with picric acid. Steam is blown through 
towiirds tlie end of tlie distillation, if necessary. The distil- 
late is neutralised with hydrochloric acid, concentrated to 
small bulk and allowed to crystallise, when piperazine 
dihydrochloride ) (CHo)ijNHj 22HCITH2O is obtained, and 
separated. The base is formed by treating the In drochloride 
w’ith a concentrated solution of caustic soda, and on satu- 
rating with solid caustic soda it .separates as an oil. This 
is carefull)- removed and mixed with the correct quantit}' of 
water for tlie formation of the hexa-hydrate, and on stirring 
and cooling crystallisation ensues ; the cr\’stals are filtered off 
and dried, under diminished pressure, over lime or caustic soda. 

According to 1 ). R. P. 83524, dinitroso-diphenyl-piperazine 
can be split up by boiling with strong mineral acids, or with 
acetic acid. 

By anothei method, I). R. P. 59222, sul])hur dioxide is 
employed, the resulting addition product being resolved, 
by heating with hydrochloric acid, into aminopheiiol di- 
suljihonic acid and piperazine hydrochloride, thus : 

NOCeH4N(CHo)4NCoH4KO-]-4H2S03 

OH 

2C6H0 NHo +HN(CH 2 ) 4 NH 
(S03H)2 

Ten kilos of dinitroso-diphenyl-piperazine are suspended 
in 300 litres of water and a rapid current of sulphur dioxide 
passed in until all is dissolved. Twenty -two kilos of 
hydrocliloric acid of 23^ Be. are then added and tlie solution 
concentrated to one half its volume. On coohpg, })art of 
the amino-phcuol-disulphonic acid cr3stallises out in the 
fofin of needles, the remainder, together with piperazine 
hydrochloride, remaining in solution. After filtration, the 
liquid portion is made alkaline with 70 kilos of 33 per cent, 
caustic soda, and treated with superheated steam until the 
distillate ceases to contain jiiperazine. The distillate is 
treated as before for the isolation of the base. 
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Instead of dinitroso-diphenyl-piperazine, dinitro-diphenyl- 
piperazine-disulplionic acid can be employed for generating 
piperazine (D. R. P. b^inS). Ten kilos of diphenyl-pipera- 
zine arc dissolved in a mixture of lo kilos of concentrated 
sulphuric acid and lo kilos of turning sulphuric acid and 
heated at 150' until a test portion is completely soluble in 
alkali. The mixture is then cooled to o and nitrated 
with a mixture of 0 kilos ol 88 % nitric acid and 6 kilos of 
sulphuric acid He ). After nitration is complete the 
mixture is run on to boo kilos of water and ice, and the 
solution neutralised with calcium carbonate The filtrate, 
after removal of calcium sulphate, is boiled with 6 kilos of 
sodium carbonate ci3st. and, after filtering off the calcium 
carbonate, evaporated to dr\ ness. The residue is added to 
a concentrated solution containing ro kilos of sodium 
hydrate, and the jiiperazine di‘^tlIIed over, 

\ et another alternative method of jireparation starts 
vith an aryl-.sLil])hon-chloride or sulphonaniide and ethylene- 
diamine or ethykme-dibroniide resjiectively (1). R. P. 70055). 
2 C. i- 2RS( ).NHo -f 2NaOIl 

-> (RSO.N)(C1L>)i(x\S()^R) -> (CH2)4(NJI)2+2RI-I, etc. 
(CHoNH^jo-f iRSO.Cl 

ClIo—NH SO.R 

I (-:• 0.114^1-2 T2NaOH) 

CH2— NH.SO2R 

SO2R 

I 

CH2— N-CH2 

“->1 i {CH2)4(NH)2-|-2RH, etc. 

CH2— N-CH2 

I 

SO.R 

Dibcnzcnc-disulphon-cthylcnc-diamidc . — A solution of six 
kilos of ethylene-diamine in 25 litres of water is treated 
alternately in small portions at a time, with 357 kilos of 
benzene-sill] dion-chloride and 8 kilos of sorlium hydrate 
in 25 litres of water, shaking or stirring behig continuous. 
Llibeuzene-disulphon-ethylene-diamide is obtained. 
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Dibenzenc-distdphon'piperazidc. —BenzenQ sulphonamide 
(33*2 kilos) and ethylene dibroniide (37‘6 kilos) are dissolved 
in 250 kilos of 96 % alcohol, boiled and treated gradually 
with 40 kilos of 20 per cent, caustic soda. Heating 
is continued until the solution is neutral, when a further 
37 6 kilos of ethylene dibroniide (or the corresponding 
quantity of ethylene dichloride) and 40 kilos of 20 per cent, 
caustic soda are added and the mixture again boiled until 
neutral. After cooling, the dibenzene-disulphon-piperazide 
is filtered off, and washed with (i) alcohol, (2) water, 
{3) dil. caustic soda, (4) water. 

The same comjiound is obtained by treating the dibenzene- 
disulphon-ethyleiie-diamide obtained in the first example 
with ethylene-dihalide mid caustic soda in alcoholic solution. 

Hydrolysis of Dibcnzc)U'-disi(lplwn-pipcnizidc- -'Ihis may 
be effected either by hydrochloric or sulphuric acid 
(I). R. P. 70056) or with' chlorsulphomc acid (D. R. P. 
100232). 

Ten kilos of dibeuzeiie-disulplioii-piperazide arc mixed 
witli 50 kilos of water and 50 kilos of 10-20 % hydrochloric 
acid and heated 111 an autoclave at 2oo°-250° for six hours. 
After cooling, the benzene is separated and, on evaporation, 
piperazine acid sulphate fs obtained. 

Or, one molecular equivalent of the piperazide is heated 
with two equivalents of chlorsulphonic acid at 130^^. The 
resulting mass is powdered, after cooling, and introduced 
into water. Benzene sulphonchloride separates as an oil, 
and is removed, whilst the aqueous solution is distilled with 
alkali, when piperazine is obtained. 

C6H5S02N(CH2)4NS02C6H5 f 2 S 03 HCl 

2C6H6SO2CI -f (SOgto) 2(CH,)4 

^ Piperazine cr>’stallises with 6 molecules of water in 
colourless cr}'stals which melt at 44"". It absorbs carbon 
dioxide with avidit}-. When anliydrous, piperazine fuses 
at 104° and distils at 145''. 

It is extreme!} soluble in water, the solution having a 
strongly alkaline reaction. It should give no reaction for 
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ammoiiium salts, chlorides or sulphates, and should sublime 
without leaving* a residue. 

Piperazine is used to prevent the formation of renal and 
vesical calculi, and for the relief of irritation of the bladder 
due to excess of uric acid in the urine, in cas('s of chronic 
gout, rheiiinatism, etc. 

The urine of ])atients to whom ])ij)erazine has been ad- 
ministered has been found to contain more uri- acid than if 
untreated ; this effect being more marked if .sodium citrate 
or .sodium bicarbonate has also been given. 

ATOPHAN (2-])lienyl-(juinoline-4-carboxylic acid) 

a H di 

I 

[) Jc„n, 24<,. 

N 


-Atophan was first made by Doebner and Giesecke, in 
1887 {Ann. 242, 2qo), by the following reaction 

CH, 

I 

C0H5NH2 -1-CO— COOH 4 CHOCoHo 
93 88 Tob 

coon 

I 

/^' cn 

CfiH/ I 

24 () 

Equimolecular |)roportions of benzaldelu'de and p}Tuvic 
acid (prepared by the distillation of tartaric acid, alone 
{Ann. 172, 142) or {Ber. 14, 321) with potassium bisulphate) 
are dissolved in cold absolute alcohol. A solution of one 
molecular equivalent of aniline, also in absolute alcohol, is 
gradually added. Heat is developed, and the reaction is 
brought to completion b}- boihng the mixture, under reflux, 
for 3 hours. On cooling, cr>'StaLs of 2-phenyl-4-quinoline 
carboxylic acid separate and are filtered off, dissolved in 
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sodium hydroxide solution, separated from an insoluble 
impurity, reprecipitated with acid, and rectystallised from 
dilute alcohol. Yield 53 %. 

A variation of this method, proposed in D. R. P. Anmel- 
dung, 20870, consists in gradually adding i molecular 
pro])Orlion of ])yriivic acid to a boiling alcoholic solution of 
benzylidcne aniline (i mol), afterwards refluxing for some 
time and separating the product as above. 

An alternative process, in wliich isatiu is the starting out 
material, was discovered b}' Pfitzinger (/. /. prakt. Chim. 
(1S97). 56, 292). 

CeH/^H/^O+^^HaCOCcHs 

147 120 

COOIl 

I 

/C C.H 

CoIl4\ I d-HoO 

\K-C~CcPI5 

249 

Isalin, 15 grams, acetophenone, 22-5 grams, alcohol, 
122 c.c., and 33 % potassium hydroxide, 60 c.c., are boiled 
together, under a reflux condenser for 6 hours. The alcohol 
is then distilled off, excess of acetophenone is removed by 
steam distillation, and the residue, after cooling, is extracted 
with ether to remove impurities. The aqueous solution is 
freed from ether, cooled, and carefully acidified, whilst being 
stirred, with dilute hydrochloric acid. After 12 hours the 
yellow precipitate is filtered off, washed with water, and 
dissolved in sodium carbonate. The solution is diluted to 
750 c.c. and, after 50 grams of salt have been dissolved in 
itf allowed to stand for 36 hours During this period a 
coloured impurity is precipitated. This is filtered off, and 
the atophan precipitated by careful acidification. It is 
finally purified by two reciy^stallisations from alcohol, 
employing charcoal as a decolourising agent. Yield 65 %. 

A similar method is given by I). R. P. 287304. 
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fifteen kilos of isatin are mixed with 12 kilos of aceto- 
phenone and 60 kilos of 33 % aqueous caustic ])otash and 
heated at qo^-ioo'" for 8 hours, with good stirring. The 
reaction mixture is then diluted with water and llltered. 
The filtrate is carefully treated with acetic acid so long as a 
precipitate of a reddish-brown flocculent material is pro- 
duced. Tliis is removed filtration, and the atophan 
precipitated by addition of the correct (luantity of acetic 
acid. The yield is stated to be almost quantitative. 

Atophan i.s a colourless crystiilline substance, melting at 
209°. It is insoluble in cold, and nearh' so in hot, water. 
It IS easily soluble in ether and in hot alcohol. It dissolves 
readily in cold alkalis, with formation of salts, and also, on 
warming, in dilute acids 

Ato])han and its derivatives stimulate the action of the 
kidne\ s , it slightly iiicrea.ses the flow' of urine and greatly 
increases the excretion of uric acid. It is jirescribed in 
a('ute gout and other renal diseases. 

PARATOPHAN, 6 -niethyl- 2 -phenyl- 4 .quinoliue-carboxjdic 
acid, and its etliyl ester (novatophan) are recentl>' introduced 
derivatives of atophan the value of which is not fully estab- 
lished. 
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The use in medicine of substances in which atoms of the 
metallic elements are directly linked to carbon atoms is 
restricted to a very small number of compounds, chiefly 
derivatives of arsenic. lonisable salts of antimony, arsenic, 
bismuth, iron, lead, manganese, silver and zinc are 
employed therapeutically for various ])ur]Kj.ses. but prior 
to the introduction of salvarsan little importance had been 
attained by an>' of the so-called organo-metallic compounds. 
The discovery that sodium arsanilate acts more powerfully 
as a parasiticide in the body than in the test-tube led Ehrlich 
and his associates to the most important of modern discoveries 
in cheniico-therapeutics— salvarsan, in which there is a double 
arsenic linkage, the arsenic being in tlie trivalent form. 
The danger and diftlcult^* of administering oiganic arsenic 
compounds have been reduced b}’ the improvements on 
salvarsan which have already been introduced ; further 
progress in this direction ma}' still be expected. 

Iron pla}'S a definite and important part in body meta- 
bolism, being essential to life, and a constituent of haemo- 
globin ; but no readily available form of its administration 
has yet been introduced. 

/>-AMlNOPHENYLARSlNlc ACID (arsanilic acid) 

NH.> 

217.™ 

AsO(OH)2 

This acid, the sodium salt of w'hich is employed in medicine 
under the names “ Atox>d ” and “ Soamiu,” was first prepared 


/\ 

u 
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by Bechamp {Btdl.Soc. Chim. (1863), 5. 518), who, howewr, 
considered it to possess the eonli^uration ^NHAs( )(OH)g, 

a sui)position not corrected until 11)07, when J^hirlich and 
Bertheiin demonstrated Bechamp 's com])Ound to be /)-aniino- 
phenyl-arsinic acid. 

Kober and Davis (/ Amry. ( hem. Soc, (loip), 41 , .451) 
recommend the following method of preparation. 

(Jne litre ol yU technical arsenic acid is conani' 
trated to 100 % by heatin^^ at 120" -140’ for 12-15 hours, 
then cooled, and stirred into 1400 c c. of dry. ice-cold aniline. 
The arsenate so formed (aniline . acid, 3 . 2) is ground to a 
powder, stirred at i()o'' until molteti, and iinally heated under 
a reflux condenser for i to i| hours at i0o‘"-i7o'\ and for 
I hour at iHo'’ 185 . After cooling somewhat, 450 c.c. 
of N/i sodium Indroxide are added, the unchanged aniline is 
separated and the a(iueous layer is shaken witli kaolin or 
kieselguhr, and liltered. The Dear .solution is then treated 
with 100 c c of 6N. hydrochloric acid, and as much more as 
is found to be nece.ssary to effect com))lete ])recipitation of 
the />-amino-phenyl-ar.sinic acid. 

The almost soli<i mass is then liltered and washed with 
cold water. The sodium salt is prepared by neutralising the 
acid (i mol ) with .sodium carbonate (J mol ) or sodium 
hydroxide (i mol.) and recrystallising it from 50 aqueous 
alcohol. 

vShould it be neces.sarN- to evaporate or boil aqueous 
.solutions of sodium arsanilate, they should be made alkaline 
by the addition of a second molecule of cams, tic soda, as 
otherwise considerable hydrolysis results {Her. (iqiq), 

47. 363)- 

SOD’ M •/) - AMINO-PHENYL- ARSINATE (“ Atoxyl ” or 
NH> 

‘'Soamin ") C(jH4 ^^o(OH)(ONa) 32q, forms colour- 

less crystals, soluble in 5 parts of. water, giving a solution 
that is neutral to litmus. It dissolves in alcohol, i in 125. 
It contains 22'8 % of arsenic. The toxicity of atoxyK' 
to mammals is about one-fortieth that of arsenioas acid. 

. '7 


I. 
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Aqueous solutions become more toxic on keeping, due to 
decomposition. 

Atox> l ” was introduced into medicine for the treat- 
ment of try])anosomiasis, and it was soon employed in 
syphilis, rela])siiig fever, aiuemia, and skin diseases. Cases 
of blindness, however, were frcquentl}- experienced, and 
since the introduction of salvarsan the use of atoxyl has been 
greatly reduced. It is of interest as being an important 
intermediate in the manufacture of salvarsan. 

As -As 

ARSENO-PHENYL-GLYCINE 

COOHCHoNIt KHCHoCOOH 

Arseiio-phenyl-glycine, introduced by Idirlich, was the first 
trivalent organic arsenic coni])Ound introduced. On account 
of its low toxicity and high trypanocidal ]>()wer it constituted 
an important advance on atoxyl It is ]nT}>aied by the 
reduction of plieiiyl-gh cine arsanilic acid. 

Phc}iyl-^!ycu}c-\)-(n)inu>’pJirnyl-(n'si}iu at id 

NH'CHoCCK )H 



AsO(on). 

{sodium arsanilatc, 27’5 parts, is dissolved in 8o parts of hot 
water. A solution of ib parts of mono-cliloracetic acid in 
20 jiarts of water is added and the mixture boiled for 6-8 
liours. On cooling, the phenyl-glyciue-arsanilic acid cry^stal- 
lises out and is filtered off and freed from any unchanged 
arsanilic acid by treatment with dilute hydrochloric acid. 

^ /NIT 

C6H4\AsO(OH)ONa+CH.ClCOOH 

/NHCHj-COOH 
^6 ^<\AsO(OH) 2 +NaU 

A rsni o-phc n yl-glyci nc. — 

Tw’O hundred grams of phenyl-glycine arsanilic acid are 
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dissolved in ^ litres of hot water and added to a solution 
of 2 kilos of sodium liydrosulpliite in 10 litres of water 
containing 600 e.c of loN eaustic soda and i kilo of 
crvslallised magnesium chloride, from wliieli the |irecij)i- 
tated magnesia has been removed by lilt rat ion. The 
mixture is warmed for -J hour on a gently boiling water 
bath. The precipitate of arseno-phenyl-glycine which has 
separated is filtered oil after cooling. wa.shed with cold 
water, and junilied by being dissolved in dilute hot sodium 
caibonate solution and repreci]>itated with acetic acid. 

TIu‘ sodium salt As2(C()n.iNHCn2C(K)Na)o, named 
“ sjnrars}]," is readil) soluble m water, giving a neutral 
solution. 

It has a high trypanocidal ])0\\er combined with low 
toxicit}', but is inferior to salvar.san. 

Salvarsan, kharsivan, arsenobillon. g . ;/-diamino-4 . 4'- 
dihydrox\ -arsenobenzene 

on OH 

IIClNIL.p^^ QNHsHCl illjO. .175, 

^=As 

— Salvarsan is prepared by reduction, gencralK with sodium 
hydrosulphite, of 3-nitro-4-hydroxy-phenyl>arsinic acid, and 
the various modifications of the original metliod of manu- 
facture deal with different means of obtaining the latter 
substance. 

These are 

(i) Nitration of ^-oxy-])henyl~arsinic acid (D.R P. 224953), 
which is obtained cither by heating phenol and arsenic acid 
(D.R. I 20^^16) or by diazotisation of /)-amino-phenyl-arsinic 
acid and replacement of the diazo- by tlie hydroxy- group 
(Trans. C. S. (1908), 93, 1895, and Be#'. (1908), 41,1678, 1854). 

< )H OH 

0 " 0 *- 

AsO(OH)2 AsO(OH)2 
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(2) By nitration of oxalyl-amino-phenyl-arsijiic acid, and 
boiling tlie product with alkali, when the NH'CO'COOH 
group is replaced by OH(I).R.P. 31969), with the elimina- 
tion of oxalic acid and ammonia. 


NIICO-COOH NH-C()-C()OH OH 

Q QnOs 

AsO(()H)» AsO((,)H)2 AsO(OH)2 

(3) By nitration of /)-chloroi)henyl-arsinic acid, prepared 
by treating tliazotised i)ara-chloranihue with sodium arsenite 
(Bart’s reaction, D.R.Pr 250264, 254345), after which by 
digestion with alkali the Cl atom is rejilaced by OH. 


Cl 

N-:NC1 


0 


Cl 



As()(()H)2 



AsO(OH)2 


OH 

QNC)2 

AsO(OH)2 


D.R.P. 24553^)- 

{4) Oitlio-iiitrojjlienol is coupled with diazotised sul- 
phanilic acid and the resulting azai-compoiind 


OH vSO:jH 



N==N 


is reduced to i-amiiio-3-nitr.o-4-hydrox3' -benzene, into which 
the arsinic acid radicle is introduced, by Bart’s reaction, in 
place of the amino group (D.R.P. 258059). This process is un- 
satisfactory, however, as in the case of nzc/rt-nitroamines the 
reaction between the diazo compound and sodkim arsenite 
giv^ rise only to very small f ields of the required arsinic 
acid (Jacobs, Heidelberger, and Rolf, J, Am, Chem. Soc, 
(1918), 40, 1580). 

(5) From /)-dimethylaniino-phenyl-arsinic acid. 

The specific reducing agent by w^hich nitro-hydroxy-* 
phenyl- arsinic acid is converted into salvarsan is, as stated 
above, sodium hydrosulphite. According to D.R.P. 271894 



ORGANO-METALLIC COMPOUNDS 261 


the operation is successfully effected by hypophosphorous 
and hydriodic acids, employed together. 

(i) Preparation of Para-hydroxyphenyl-arsinic acid 


OH 



AsO(OH), 

Phenol, (j4 parts, and crysPillised arsenic acid, 151 parts, 
are mixed and heated together with stirring for 4 hours at 
150''. The resulting mass is extracted with 1000 parts of 
hot water, and the hltered solution evaporated as far 
as j)Ossible under diminished pressure. The residue is 
repeatedly extracted with acetone. After removal of the 
solvent the crude arsinic add is obtained as an oil which 
gradually solidities. Conant (/. Antcr. Chew. Soc. (1919), 
41, 431) employs a 10 % excess of arsenic acid and heats at 
I47°-I57'' for 3 hours. The aqueous solution of the crude 
acid is filtered from tar, treated with barium In'droxide 
until the brown colour begins to change to pink, and then 
extracted with ether to remove tarry matter. More bar>'ta 
is then added until a test portion, after rendering it alkaline 
and filtering, shows the presence of barium ions. The solu- 
tion is then made just alkaline with sodium hydroxide and 
filtered. The barium is removed by treatment with sodium 
sulphate and the filtrate evajiorated to a syrup. Sulphuric 
acid is added until the red colour changes to )'ellow\ and the 
impurities which separate arc filtered off. The filtrate is 
neutralised with soda and evaj)orated to dr}'ness, when a 
mixtr 3 of sodium sulphate and sodium /)-hydroxyphenyl- 
arsinate is obtained. This can be nitrated directly, or the 
latter compound may be extracted with boiling alcohol and 
cr>^stallised. Yield 21 5 %. 

Alternatively, the syrupy residue containing the />-hydro 3 cy- 
phenyl arsinic acid can be treated as follows (£.P. 6322/1915). 
Eighty parts are dissolved in 80 parts of warm water and the 
solution neutralised, after cooling, with a solution of 16 parts 
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of caubtic soda in 8o parts of water. After filtration from some 
separated im])uritieb the filtrate is concentrated and allowed 
to crystallise. vSixty parts of crude sodium /)-hydroxy- 
pheii}! arsinate are obtained. It may be purified by 
dissolving in 1 20 c c. of boiling water, and adding 250 parts 
of absolute alcohol After cooling, 30 parts of pure sodium 
/)-hydroxyphen) 1-arsinate ciystallise out, a further 5 parts 
being obtained by concentration of tlic mother liquors. 

By another method (see Trans. C. S. (1908), 93, 1895) 
329 parts of sodium para-amino-phenyl-arsinate (+5H2O) 
are dissolved in 1000 })art^ of water containing 300 parts 
of loN. h} drochloric acid and diazotised, at with 

sodium nitiite 69 jiarts (100 %) dissolved m too parts of 
water. After standing for an hour the solution is gradually 
heated up to 100'', and then, when evolution of iiitiogen has 
ceased, partial!)- neutralised with joo c.c. of loX. sodium 
hydroxide, but left still just acid to congo red, and evaporated, 
under reduced pressure, to dryness. The residue is powdered, 
re-dried if necessary, and extracted with boiling acetone. 
The solvent is partially removed from the extract and, 
after cooling, />-liydrox\-phenyl-arsinic acid crystallises out. 
M.p. I73"-I74°- 

It may be purified by recrystallisation from glacial acetic 
acid. It is readily soluble in water and alcohol. 

Nitration of \)-hydroxyphcnyUarsimc acid to ymtro-^- 
OH 

hydroxyphcnyl-arstnic acid (D.R.P. 224953). — Sodium 

\/ 

AsO(OH)2 

para-oxypheml-arsinate, dried at 80 144 parts, is added, 
in small portions at a time, to 450 parts by v61. of con- 
cent^ted sulphuric acid, which is kept at 0°. A mixture 
of 39 parts by vol. of nitric acid (sp. gr. 1-4) and 39 
parts by vol. of concentrated sulphuric acid is then added, 
at the same temperature, with constant stirring. When 
addition of the nitrating acid is complete, the mixture is 
allowed to stand for some time and the temperature to rise 
to 10°. It is then poured on to 2250 grams of ice, and after 
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12 hours’ standing in the cold the precipitated 3-uitro-4- 
hydrox>’phenyl-arsinic acid is filtered off. 

NH CO COOH 

(2) Oxanil-4-arsinic acid Sodium /^amiiiophcuyl- 
A30(0H)2 

arsiiiate {-f5H20). 347 parts, is mixed thoroughly with 
378 parts of crystallised oxalic acid. The mixture is 
heated, with constant stirring, at 120 -130', until the bulk 
of the water hah been removed and the mass, which at 
first melted, has resolidilied. The temj)crature is then 
raised slowl\- to lOo' and heating continued until the mass 
is again solid and m jiowder form Alter cooling it is 
treated w ith 3000 parts of w'ater, 300 vols. ol liN cliochloric acid 
(sp. gr. i'J2) are added, and the mixture is stirred for half 
an hour. The solid oxanil-g-arsinic acid is then filtered off. 
jiurified by recrystalhsatioii from water, and thoroughly 
dried. Alter nativel) it may be purilied by dissolving ill 
normal caustk soda solution and rejirecipitation, after being 
llltered, with h> drochloric acid. 

NH CO COOH 

^ and yntim-d-amino’- 

ynitro-jf-arsimc acid I I t 

AsO(OH)2 

phcnyUarsimc acid — The dried oxanil-arsinie acid, 115*6 
parts, IS dissolved in 300 vols. of concentrated sulphuric acid 
ato°-5°. A mixture of 26 vols. of nitric acid (sp. gr. i '4) and 
26 vols of sulphuric acid is added, with stirring, the tempera- 
ture being kept at or l>elo\v 5"^. The mixture is allowed to 
stand for some time after the addition is completed and 
is th' p<5ured into 1500 parts of cold water, when the 
nitro-oxanil-arsinic acid separates as a crystalline paste. 
The w’hole is heated to boiling, a clear >ellow solution 
being obtained. Boding is conthiued until the acidity 
increases no further, and the mixture is cooled, when 3- 
nitrO’4-amino-phenyl-arsinic acid crystallises out in sulphur- 
coloured needles, which are only sparingly soluble in cold 
water. It is filtered off and washed with cold water. 
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Ten kilos are dissolved (1). R. P. 235141) in 60 litres of 
caustic potash (36° Be.) and the solution heated at 80°, 
until a jjortioii is shown by test to be free from substances 
containing an amino group. After cooling, the solution is 
made acid to congo red, with hydrochloric acid, when 
3-nitrO“4-]iydroxyphcnyl-arsinic acid is precipitated. 

Alteriiativedy the 3-nitro-4-oxanil-arsinic acid is separated 
by filtration and heated, as above, with caustic alkali 
solution. 

By another jirotected process (D.R.P. 232879) the urethane 
of /)-ainino-phenyl-arsinic acid, jirepared by condensing the 
acid with eth} 1-chloro-carbonate, is nitrated and treated as 
is the oxalyl compound. 

Cl 


(j) 4-Chlorophenyl-arsinic acid 


0 


This compound is 


AsO(OH).> 

prepared from para-chloranihne by Bart’s reaction (D. R. P. 
250264). 


aC8H4N=NCl+Ab;“l ^ 

N(OiSa) 


ClC8H,As(j< OH 
' ONa 


-|-hi aCl ”[“1^2 


Para-chloraiiiline, 074 part, is dissolved in 10 parts of water 
and 2 parts of hydrochloric acid (sp. gr. i‘i6), and diazotised 
at 10^" with the required amount of sodium nitrite. The 
diazo solution is then mixed with 2 parts of sodium arsenite 
dissolved in 5 parts of water. The mixture is made alkaline 
and gently heated. W'lieii the evolution of nitrogen has 
ceased, the reaction mixture is filtered from tarry impurity 
and^the para-chlorophenyl-arsinic acid precipitated by the 
addition of h\ drociiloric acid. According to the British 
specification (IC P. 568/1911), 3 parts of sodium arsenite 
dissolved in 5 parts of water and i part of qb % alcohol are 
employed, and the mixture heated to 70®. 

In a subsequent patent (D. R. P. 268172) copper is 
employed as a catalyst. 50 parts of copper paste being added 
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to a solution of 51 parts of sodium arseuite in 150 parts of 
water and 60 parts of 40 % caustic soda. D. R. P. 264924, 
dealing with the preparation of phenyharsinic acid from aniline 
by the Bart method, utilises, as the catalyst, freshly prepared 
cuprous oxide, precipitated from alkalised copper nitrate 
by glucose. Cobalt, nickel, and silver and their salts have 
been proposed as catalysts, as well as cop]>er. 

Jacobs, Heidelberger and Rolf (J, Am. Chcm. Soc. (1918), 
40, 1580), in carrying out the Bart reaction, convert the 
diazo-compoimds into the iso-diazo salts by pouring into an 
excess of caustic soda at o'". The arseuite is then added 
and the reaction mixture heated at 60^-70° until the evolution 
of nitrogen has ceased. 

(4) From dimethyl-amino-phenyl-arsinic acid 



AsO(OH). 

(I) R. P. 200065).-- A mixture ot 15 jiarts of dimethyl 
aniline and 25 parts of arsenious chloride is heated at 
100*" for 2 hours, and is then poured in 300-40Q parts 
of cold water. Excess of aqueous caustic soda is added 
until the ^-dimeth}l-amino-phenyl arsenious oxide is dis- 
solved. After removing unchanged dimethylaniline by ex- 
traction with light petroleum, an excess of 30 ‘)o hydrogen 
peroxide is added and /)-dimethyl-amino-phcnyl’arsinic acid 
precipitated with acetic acid. 

4-dimethyl-amino-3-nitro-phenyI-arsinic acid 


N(CH3)2 



AsO(OH)j> 

(F. P. 449373). — One hundred parts of dry dimethyl- 
amino-phenyl-arsinic acid are dissolved at below 15® 
in 250 parts of concentrated sulphuric acid and nitrated 
with a mixture of 35 parts of nitric acid (sp. gr. 1*49) 
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aiid 150 parts of siilpliuric acid, the temperature being kept 
below 15''. After standing for some time the reaction 
mixture is poured on to ice, the yellow precipitate filtered 
ofT, washed, dissolved in aqueous sodium carbonate solution 
and reprecipitated, after filtration, b}' very dilute mineral 
acid. It may be further ])urilied by cr} stallisatioii from hot 
water. 


Convcysion of dimclJiyLamuio-nityo-phcnyl-arsimc acid to 
^-intyo-^-hydroxyphcnyLarsuiii acid (Fr. Pat, 451078). — 
Five hundred ])arts ol the nitro-acid are dissolved in a 
solution of 500 ])aits of caustic potash in 1500 parts of water 
and the mixture maintained at 8o'-(jo'' until it becomes 
nearly solid Ice-cold water (2000 parts) and concentrated 
hydrochloric acid are added successive!} , the precipitate 
is dissolved in liot water, and the filtered .solution treated 
with sodium acetate (i mol.) and animal Charcoal. It is 
filtered again and acidified with ludrochloric acid, when 
3-nit ro-4*oxApiieiiyl-arsinic acid scjiarates either in yellow', 
rhombohcdral ])lates, or in tufts of almost colourless needles. 

Reduction of N mo-hydroxy phcnyl~a> sinu and to Sal- 
OH OH 




.—The preparation of salvarsan by 


As=As 

the reduction of 3-nitro-4-hydrox}'phcnyl-arsiiiic acid with 
sodium hydrosiilphitc in one operation is thus de.scribed by 
Kober {]. Amcr. Chem. Fet. (iok)), 41, 442). 

Magnesium ddoride, 220 grams, is dissolved in 5500 cc. of 
distilled water, and sodium hydrosulphite, 1100 grams, quickly 
added, with stirring. To this solution are then added, 
with stirring. 85 grams of crude 3-nitro-4-h\'drfrxyphenyl- 
arsinic acid dissolved in 2()o c.c. of 2N. sodium h}'droxide 
aiidkiiluted w ith 1700 c.c. of water. The mixture is allowed 
to stand at room temperature, or it is slowly w'armed in a 
water bath at 40 until the suspension, which consists 
mostly of impurities, besides a little of the salvarsan base, 
has separated. The mixture is then rapidly filtered through 
hard paper, or alunduiu ware. The weight of the residue 
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rarely exceeds 3 to 4 grams, or 4 to 5 per cent, of the total 
yield. 

The clear yellow filtrate is then digested at 50^-60'^’ for 
2 to 2J hours, during which time the salvarsan base, 3.3'- 
diamino-4 . 4'-dihydroxy-arsenolx*iizene, separates out as a 
yellow precipitate. 

The above differs from Ehrlich and Bertheiiifs method 
{Her. (1912), 45 , 75b) only in respect of the filtration, which 
these workers omitted The jirecipitati* is filtered off, 
washed with water at o , and pressed By JUirlich and 
Bertheinfs process it is dissolved in anhydrous methyl 
alcohol, 725 c.c. for the above quantities, and treated with 
075 mol. of h>'drogen chloride dissolved in methyl alcohol, 
lather is added to the filtered solution, whereby salvarsan 
hydrochloride is precijiitated. It is liltered off quickly, 
washed with ether, and dried m an inert atmOwS])here, such 
as CO2, or ui vac no, at 65 '. Yield (E B.) 82 %. 

Kober, loc cii , considers that the very vaiiable toxicity 
ot salvarsan, of which 50 jier cent of that manufactured in 
America fails to jiass the prescribed ]ihysiological tests, 
may be attributable to ini])nrities concomitant with this 
methyl alcohol-ether treatment He susjiends w'ashed 
base in 400 c.c. of distilled water at o ' and dissolves it 
by addition of 150 c.c. of 2N caustic soda The alkaline 
solution is liltered through an alundum ana*robic filter, 
and 150 c.c. of i . i hydrochloric acid at are added to 
the clear filtrate. This precijiitates the base and redissolves 
it as the dihydrochlonde. The .solution is diluted with 
distilled water at 0° to bring tlie total volume to 1700 c.c. 
It is then allowed to flow, slowly and with stirring, into a 
mixtr oooled to o^, of 1625 c.c. of ])ure concentrated 
hydrochloric acid and 1625 water. Salvarsan di- 

hydrochloride is precipitated as a greyish-white precipitate. 
It is fdtered, and dried in vacuo at a low jiressure, in presence 
of calcium chloride and solid caustic soda. After 12 hours 
or more, hydrogen is introduced, to equah^ the pressure, 
and the salvarsan is ground and further dried until of con- 
stant weight. Yield 75 %. 
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From P'argher and Pyman's work {Trans. C. S. (1920), 
1 1 7, 372), Kobers purification is of doubtful value. Com- 
mercial salvarsan contains i to 3 per cent, of sulphur, which 
occurs, at least in part, in the form of a sulphamo-group 
NH — vSOgH. When obtained free from sulphur salvarsan is 
less readily soluble and therefore less suited for clinical use. 

Tiie following method of reduction has also been employed 
(D.R.r. 271894). Twenty ])arts of 3-mtro-4-hydroxyphenyl- 
arsiiiic acid are mixed with 100 vols. of 25 '’ohypophosphorous 
acid solution and 70 vols of glacial acetic acid, and the 
mixture heated on tJie water bath with stirring and in 
absence of air. Dinitro-dihydroxy-arseno-benzol separates 
out as a yellow crystalline preci])itat(‘. After about an hour's 
heating 12 ])arts of i)otassium iodide are addeal A vigorous 
reaction takes j)lace, and the precipitate ])asses into solution, 
whicii acquires a faint yellow colour After cooling it is 
poured into 150 vols of eoncentraU‘d hydrochloric acid, and 
tJie mixture is saturated with HCl gas. The dihydrochloride 
of salvarsan separates out and is liltered off, washed succes- 
sively witli concentrated hydrochloric acid, alcoholic hydro- 
chloric acid and ether, and dried lu vaato. 

By a variation of the procedure the reduction solution is 
poured into 600 vols. of alcohol, when the hypophosphite 
of tiic base is j)recipitated as a yellowish-white powder. 
This is converted into liydrocliloride, base, or sodium salt, as 
desired. Prepared in this manner salvarsan is less soluble in 
water or methyl-acohol than when reduced by the previously 
described method. 

Electrolytic Reduction of 3-nitro-4-hydroxyphenyl- 
arsinic acid. (I). R. P, 270568.)— Fifty parts of 3-nitro- 
4-oxyphenyl-arsinic acid are dissolved in 150 parts of water 
and i2'5 parts (i mol.) of potassium carbonate. This is 
placed in the catliode chamber of an electrolytic cell, the 
anode chamber containing a 10 to 20 % solution of potassium 
carbonate. Lead electrodes are einplo} ed, and the cathode 
liquor is well stirred. A current of 10 to 25 amps, per 100 
sq. cm, is employed, and it is recommended that a stream 
of CO2 be passed through the liquor during electrolysis. 
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The current is passed until the solution is, as far as it can be> 
decolourised. The resulting salvarsan is precipitated, with 
sulphuric acid, as the sulphate. It is claimed that the 
product afforded b)’ this electrolytic method of reduction 
possesses a lower degree of toxicit)-. 

If electrolysed in au acid solution y, . i'-diuitro-4 . 
4'- dihydroxy - arseiio “benzene is ])roduced. This may be 
reduced further, to salvarsan, by electrolysis in an dkaline 
solution. 

The reduction of y-nitro-y-liydroxyphenyl-arsiuic acid can 
also be effected in stages. By employing sodium amalgam, or 
ferrous sulphate and caustic soda, yaim no‘j[-fiycl roxy phenyl- 
arsinic and is obtained This is reduced lurther, by the action 
of sulphurous acid in the presence of hydriodic acid, to 
yamino-^-hydroxyphcnyl-arscnious oxide, wJiicli is converted 
into salvarsan by reduction with li> pophosphorous acid used 
in conjunction watli hydriodic acid No advantage can be 
claimed for this mode of ]>rocedure Another direct method 
of reduction depends upon the forniation of hydrosuliihurous 
acid in situ. (K 1' 21421/1914.) 

One hundred grains of 3-nitro-4-hydrox\ phenybarsinic 
acid are dissolved in 500 c c. of water containing a sufficient 
quantity of soda to produce a neutral solution, 50 grams of 
zinc chloride or acetate are then added, follow('d successively 
by a concentrated aqueous solution of 100 grams of sodium 
sulphite, glacial acetic acid, 150 c.c . and zinc dmt, 200 grams, 
the emulsion being thoroughh stirred I'ive hundred c.c. 
of hydrochloric acid (18 %,) are then added very slowly, 
the temperature being betw'cen 25® and jy'". The resulting 
clear solution is w^armed to 50 and treated gradually with 
a fur^hcr,570 c c. of 18 % Jiydrocliloric acid. After 20-30 
minutes the solution is filtered rapidly and the filtrate 
treated with magnesium suljihate, wffien salvarsan sulphate 
is precipitated. It is claimed that the jiresena* of .sulphurous 
acid prevents the reduction going beyond the arsenobenzene 
stage to primary arsine. 

Salvarsan, wffiich is the diliydrochloride of diamino-dihy- 
droxy- arseno-benzene, is a pale yellow powder, soluble in 5 
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parts of water. Its solution has a strongly acid reaction. The 
solubility is increased by certain impurities which accompany 
it. It is moderately soluble in methyl, sparingly soluble in 
eth>'l alcohol, and almost insoluble in acetone, ether, or 
glacial acetic acid. On account of the readiness with which 
siilvarsan undergoes change in air, witli formation of highly 
toxic iin])urities, it is preserved m sealed tubes in an atmo- 
.spliere of an inert gas. 

When lieated, salvarsan iiydrochloride does not melt ; 
it darkens at 160'' and begins to char about 180''. 

When ])erfectiy pure the dihydrochloride is jiractically 
colourless The a])}>earance, however, is no criterion of 
})Jiysiological purity, as very light-coloured preparations have 
been found on occasion to lie extremely toxic. Tlieoretically 
salvarsan dih> drochloride, if anhydrous, should contain 
34'2 %of arsenic ; if it contains 2II2O yji b %. 

Kwins {Trans. ('. S. (npb), 109 , 1355) found from 30 '4 % 
to 3r45 of arsenic in four cominereial sani])les exaniined. 
Kober {Iol. cit) considers that no justification exists for 
assuming the commercial product to contain tv\o molecules of 
water, and that, as made by the patented method, it contains 
instead one molecule of methyl alcohol. Samples j)repared 
by Kober's method (see above) ajijiear to have contained 
from one to ratlier more than two molecules of water, and 
afforded from 30-3 32 89 of arsenic. Rut Fargher 

and Fynian hiund that salvarsan if preci])itated Irom methylic 
alcohol solution with ether contains no combined organic 
solvent, though if prcci])itated with acetone from methyl- 
alcohol it contains one molecule of acetone. 

All batches of salvarsan, neo-salvarsan, etc., made in this 
country and in the United States are required ^to satisfy 
physiological tests of freedom from toxicity, carried out by 
a pi^blic authority, before they are allow^ed to be issued. 

Salvarsan, neo-salvarsan, galyl, and luargol, are the most 
powerful drugs so far available for combating s>'phihs. They 
are specific for primary and secondaiw' s\'philis, and in many 
cases have been used with succ'ess even in hereditary 
syphilis and in tertiaiy para-syphilitic conditions. 
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Not 011I3' syphilis but other diseases attributable to 
spirillosa, such as yaws, frambccsia. and (probably) perni- 
cious anaemia are benehcially treated by arsenic administered 
in the arsenobenzol form. 

vSalvarsan is administered by intravenous or intramus- 
cular injection, a solution beini; einjik^ed wliich is ])rc- 
pared by treating the ^alt with sulhcient caustic soda 
to preci])itate the base and redissolve it as the di-sodium 
salt 

To avoid the inconvenience of tins [)rocednrc the sodium 
salt of salvarsan was ])rej)ared and is inarketeil in the form 
of a yellowish powder, winch is readily soluble in wsater. 

Sodium Salvarsan (}'h P. 15031/101-^) —Six grams of 
salvarsan diln droehloiide are mixed with 60 e.c. of strongly 
cooled methyl alcohol and the mixture treated with 5'05 c.C. 
of i(‘X caustic soda solution, with stirring. To the solution 
are added i 2 gram ol sodium formaldehyde-sulphoxylate 
dissolved in 3 e e of water, and the mixture is then ])Oured 
into a mixture ol 300 e e. of methyl alcohol and 240 c.c, of 
’pure ether. 3’he sodium salt is jirecipitated, and is filtered 
off, washed witli ether, and dried in vamo over sulphuric 
acid. All the.se operations are carried out in ab.stmce of air. 

NEO-SALVARSAN I'sodiiiin 3 3''diamiiio-4 4'‘dihydrox>"- 
arseno-benzcne-N-meth> lene-.sulphinate) 

OH OH 

NH2'’ ''j QnH CHjO-.SONa 
As^^As 

The inconvenience involved in the ]:)reparation of sal- 
varsan soJ.ution for injection led Khrlich to search for a 
soluble neutral derivative which w'ould not possess the 
same disadvantages. The methylene-sulphinate, prepared 
by treating the salvarsan base with sodium formaldehyde 
sulphoxylate, proved the most satisfactory of the substances 
made and tested, and w'Ls named Neo-salvarsan. 

Twenty-five parts of salvarsan dihydrochloride are 
dissolved in 250 parts of water and mixed at room 
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temperature with a solution of 25 parts of sodium formal- 
dehyde-sulplioxTlale in 250 parts of water. After one 
hour 80 parts of a 10 % solution of sodium carbonate are 
added, when a clear solution is formed. Addition of 100 
parts by vol. of 12 % hydrochloric acid then i)recipitates 
the metliylene-sulphinic acid derivative of salvarsan, cou- 
taininj^ one CH2S()2H ^roup. In order to make neo- 
salvarsan — tlie sodium salt of tlie acid thus obtained— 20 
j)arts of the acid are suspended in 70-80 ])arts of water, and 
brouydit into solution with the aid of 20 parts of twice 
normal sodium hydroxide. The solution is then allowed to 
flow, with stirring, in a thin stream into 1000 parts by vol. 
of alcohol. The sodium salt is precijiitated, and is filtered 
off, washed with cold water, and dried in vacuo. (I). R, P. 
24576.) 

Acetone also may be used as a precipitant, or tlie aqueous 
solution of the sodium salt may be evaporated to dryness 
under diminished pressure. According to 1 ). R. P. 260235 
neo-salvarsaii having a lower toxicity can be prepared by 
operating in alcohol solution. Methyl and eth)! alcohol, 
glycol, and glycerol are cited. 

Thirty-one parts of sodium fornialdehyde-suljihoxylate 
dissolved in 50 parts of waiter are added to a solution of 
50 parts of salvarsan base in 200 parts of ethylene-glycol. 
After five minutes the solution is neutralised with sodium 
carbonate, and allowed to flow' into a large quantity of alcohol, 
alcohol and ether, or acetone, when neo-sal varsan is precipi- 
tated. Neo-salvarsan can also be prepared directly from 
3-nitro-4-hydroxyphcnyl-arsinic acid. One part of this is dis- 
solved in 5 parts of water and 3*8 parts of 4 % caustic soda,' 
and w'armcd with 2 parts of sodiuni-formaldehydc-sulphoxy^- 
late dissolved in 10 parts of w ater, w^hen a yellow' precipitate of 
the^^ree sulphinic acid is gradually formed (D. R. P, 260235). 
When this no longer continues to increase in amount, it is 
filtered off, washed with water, and converted into the sodium 
salt in the wa\' described above. Ay another variation, 10 
parts of 3-amino-4-hydrox>'phenyl-arsinic acid are dissolved in 
100 parts of water containing 2 3 parts of sodium carbonate 
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aiid the solution mixed with one of 20 parts of sodium 
formaldchydc-sulphoxylate in 100 parts of water. Normal 
hydrodiloric acid, 41 parts, is then added, and the mixture 
digested for several hours at 40'^- 60”, After cooling, the 
sulphoxylic acid is precipitated by acidif'cation with dilute 
sulphuric acid. 

Neo-salvarsan is a ])ale \ellow powder wliicli is readily 
soluble ill w'ater, affording a neutral .solution It contains 
usually about 20 % of arsenic. II is used for the same 
])urposes as salvarsan, having a v'cry similar ph}siological 
action. It is becoming the more extensively used drug on 
account of its gi eater .solubility and the consequent greater 
ease with which tlie solution lor injection may be prepared. 

Co-ordination Compounds of Salvarsan and Neo- 
salvarsan. - Compounds of salvarsan with copper, silver, 
gold, jdatiniim, mercury, jialladium, indium, ruthenium, 
and osmium, in which the arsenobenz-eue enters into com- 
bination with one or tw'o molecular jiroportious of the metallic 
salt in such a way that the metal is held in a non-ionisable 
condition, weie di.scovered by Ehrlich and Karrer (Bet, 
(igi5), 48, JO34). The combination is a general one and is 
manifested by organic arsenious oxides and arsines as well as 
by all arsenoaryls. 

Recent Oerman communications indicate that certain 
of these new substances, notably the co-ordination com- 
pounds of salvarsan and neo-salvarsan with silver salts, 
possess high therapeutic value, the ratio of the toxic dose 
to the efficient dose being very much greater than in the case 
of the parent arseiiobenzene compound. 

Silver Salvarsan (D. R. P. 270253).— One part of salvar- 
san d* hydrochloride is dissolved in 10 parts of methyl 
alcohol and the solution treated wntli a meth\ l alcoholic 
solution of o‘ 36 part (i mol.) of silver nitrate. Addition of 
ether precipitates the co-ordination compound, which is 
easily soluble in water, methyl alcohol and glycerol, 

A compound containmg two molecular proportions of 
silver is prepared exactly as the above, but with employment 
of 072 part (2 mols.) of silver nitrate. 

I. 


18 
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Silver Neo-salvarsan (D. R. P. 268221).— Three parts 
of iieo-salvarsaii are dissolved in the smallest possible 
quantity of water and treated with 077 part of silver nitrate 
dissolved in 20 ])arts of water. The solution is then [lOured 
into a mixture of alcohol and ether, when silver neo-salvarsan 
is precipitated. Cojiper, <2old, and other metallic derivatives 
are prepared similarly. A copper co-ordmatioii compound 
is also produced when a mixture of molecular proportions 
of sodium-3-aniino-4-h\ droxyplien\ 1 ar.sinate and cupric 
chloride in a(|ueous solution is reduced with sodium hydro- 
sulpJiite. Reduction oi the arsinic acid to the ar.senobenzene 
compound, and formation of the co-ordination complex 
juoceed consecutivelv, and the copper com])ouud, vhieli is 
only vSparingly soluble in water, is jirccipitated. It is very 
soluble in dilute hydrochloric acid, and also in sodium 
hydroxide. 

LUARGOL (3 : j'-diamino-q : ^'-diln-droxy-aiseuobenzene 
silver bromide antimon\ l sulphate) 

(C 1 21 1 1 2O2N2 Aso) 2 AgPr -Sb( ) ( II oS O4 ) 2 

Puargol is a co-ordination compound of a more com- 
plex type, containing non-ionisable antimony as well as 
silver. It was introduced by Danysz, wdio prepared it in 
the following manner (Jv. P. 

One hundred grams of saUxirsan dihydrocliloride are 
dissolved in 2500 c.c. of distilled water, and the solution is 
agitated for 2-^3 hours, at 15^-20'’. with 43 grams (1 mol.) 
of frcslily precipitated silver bromide. Antimony tricliloride 
(i mol.) 52 grams, is then added, and dissolved by warming 
the solution, which is then treated with 30 grains of citric 
acid dissolved in 100 c.c. of w^ater. Addition of 50 grams of 
pure concentrated suljilniric acid dissolved in 250 c.c. of water 
then precipitates luargol. 

lyUargol is an orange-yellow ])owder containing 20*6 % 
As ; 7 4 % Ag : 5’52 % Br ; and jS-iq % Sb. 

It is insoluble in water, and for injection purposes is 
dissolved in sodium hydroxide solution (o‘4 gram NaOH to 
I gram luargol). Luargol has been found to be ver>' efiica- 
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cious ill treatment of Trypanasoma surra Siiid Tr. gambicnsc, 
and for sleeping sickness and syphilis. 

Disodio Luargol (Poulenc) is readily soluble in water, 
and is a convenient form of administration of this drug. 

GALYL (4 : 4' dihydroxy-arsenobenzene-3 : ^'-idiospiiamic 
acid). 
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Gal>] is prepared (!•' P. <)23.4/i<ii5) by conden.sjng j-ainino- 
4 hydrox) phen\l-ar.smic acid with })hos})Jiorus oxycliloride, 
and reducing the resulting jihosphamic acid witli sodium 
hydrobiilphitc. It was introduced by iMuiinevrat, 

OH 

3-Amino-4-hydroxyphenyl-arsinic acid 

AsO(OH)2 

Mouneyrat [V,. P. 3087/1915) prepared tliis compound by 
the electrolytic reduction of 3-uitTo-4-hydrox} j’henyParsinic 
acid. 

Tw'enty grams of the nitro-acid are dissolved in .joo c.c. 
of normal caustic soda and the solution placed in the cathode 
compartment of an electrolytic cell, Die anode liquor being 
% caustic soda solution. The negative electrode is 
mere" y, the positive electrode nickel. The cell is cooled 
by immersion in cold water, A current of 2 amps, at 3^-4 
volts is passed until a filtered portion of the cathodic liquor 
no longer affords a precipitate wdien treated with an excess 
of hydrochloric acid. About 5 hours is required. The 
solution is then allowed to stand for 24 hours, and neutralised 
exactly, to methyl orange, with hydrochloric acid. After 
cooling to 0° the precipitated acid is filtered off and purified 


/ 



270 ORGAI^IC MEDICINAL CHEMICALS 

by dissolving in dilute Ji3^drochloric acid, decolourising with 
animal charcoal, and reprecipitating by neutralisation with 
alkali. 

It can also be prei)ared (K. P. 13485/1910) by dissolving 
3-nitro-4-liydroxy])henyl-arsinic acid, 31 ’6 grams, in 600 c.c. 
of methyl alcoliol, adding 840 grams of 4 sodium amalgam, 
and digesting at bo°-8o° until the evolution of gas has ceased. 
Part (450-500 c.c.) of tlie solvent is then distilled ofT, the 
residue mixed with 120 c.c. of water, and acidified with 
150 c e. of h\ drocliloric acid (sp gr. 1*19). After standing 
for 12 hours the solution is liltered from imjiurities, boiled 
with charcoal, filtered, and luaitrahsed with 52 c.c. of loN. 
caustic soda, when the bulk of the ammo acid is precipitated. 

Jacobs, Heidelberger and Rolf (/ Amer. Lhcvi. Soc. 
(1918), 40, 1580) effect the reduction with ferrous sulphate 
in the following manner. Imrrous sul])hate, 440 grams, is 
dissolved in about 13)20 e c. of water, the solution chilled well, 
and treated, with vigorous stirring or shaking, in absence 
of air, with 25 % sodium hydroxide solution, until the mud 
reacts strongly alkaline to litmus pajier. A solution of 58 ’4 
grams of 3-iiitro-4-hydroxyphenyl-arsinic acid in dilute 
caustic soda solution (i mol.) is then added, and the mixture 
vigorously agitated for five minutes, without heating. The 
whole is then filtered and the ferric lu droxide mud washed 
witli water. The tiltrate is acidified with acetic acid, when 
the amino acid crystallises out. Yield 80 %. 

4 : 4'-Dihydroxy-arseno-benzene-3 3'-phosphainic 
noid Galyl.” 3-amino-4-hydrox5'phenyl-arsinic acid, 23.3 
grams, is dissolved in 300 c.c. of w'ater and 90 c.c. of caustic 
soda (36° B^.). To the solution are added 350 c.c. of 90 % 
alcohol, after which are introduced at 0°, with cboling and 
stirring. 27 c.c. of phosphorus oxycliloride. The liquor is then 
neutralised by the addition of 18 c.c. of caustic soda {36° B6.) 
and poured into a solution of 100 grams of cry stallised 
magnesium chloride and 5oograrrf^ of sodium hydrosulphite 
in 1800 c.c. of water. The mixture is heated for 4 hours at 
50®, after which the phosphamic acid is precipitated, filtered 
off, washed, and can be converted into the sodium salt by 
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being dissolved in sodium carbonate and poured into alcohoL 
Jt is dried vacuo over sulphuric acid, 

ORGANIC ANTIMONY COMPOUNDS. Although most of 
the aiilinion\ analogues of the organic arsenicals have been* 
prepared, none has yd been discovered that aj)proaches in 
specific ther<i])entic elTect the arsenic coin])onnds of the 
salvarsan t\])e v^o far, only one antimony preparation, 
sulphoforni, lia.s retained a position in inedicine. 

SULPHOFORM (Tri])lienyl-stibine sulphide) (C6H5)3SbS. 
383 Sulphofonn is jireparcd b\ treating triplienyl-stibine 
dichloride, or dibroniide, with ammonium sulphide. 

lliirty jKirts of sliced sodium are covered with roo parts 
of dry benzene, in a cast-iron vessel jirovided with a reflux 
condenser, stirring gear, and a jacket through which can be 
circulated eitlier cooling water or steam. The mixture is 
warmed to about 70", when a solution of 40 jiarts of 
distilled antimony chloride and 60 ])arls of monochlorbenzene 
in 100 ])arts of benzene is allowed to flow in, at such a rate 
that, without further a]>plication of heat, the benzene is 
kept geiith boiling by the heat evolved b>' the reaction. 
If it becomes violent the addition is susjiended, and cold 
water circulated through tlie jacket. When all has been 
added, the mixture is boiled for several hours to complete 
the interaction. After cooling, the solution is filtered from 
sodium chloride and unchanged sodium, and the benzene 
removed by distillation. The residue, wTicli solidifies, 
consists mainl}' of tri])henyl-stibine, together with a little ' 
diphenyl-stibine chloride and jihcnyl-stibine dichloride. It 
is dissolved in light petroleum and treated, whilst being 
cooled and stirred, wdth bromine (i mol). Triphenyl-stibine 
bromide^ (C6H5)3SbBr2 separates out in cr>'stals. M.p. 216^ 
i-t may be purified by recr^'stallisation from glacial acetic 
acid. 

aCeHo+SbCla+bNa (CeHojjSb-fbNaCl 
(C6H5)3|3-bBr (CoHe)3SbBr2 

Triphenyl-stibine sulphide. -Ten parts of triphenyl- 
stibine bromide^ are dissolved in 160 parts of a cold alcoholic 
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solution of ammonia, saturated at room temperature. The 
solution is filtered and treated, whilst being stirred, with 
purified hydrogen sul]ihide until a permanent faint yellow 
colouration is obtained. The precipitated crystals are filtered 
off, washed successively with alcohol and ])etroleum, and air- 
dried. 

Sulpholorm forms white needles, fusing at It 

is readily soluble in benzene, chloroform, and acetic acid, 
sparingly so in alcohol, and very slightly soluble in ether, 
])etroleuni ether, or olive oil Suliihoform is employed in 
treatment of skin diseases such as eczema, psoriasis, and 
seborrheea. 

PROTEIN COMPOUNDS CONTAINING SILVER.- Silver com- 
pounds are employed in medicine to ])roduce caustic, 
astringent, germicidal, and antiseptic effects For creating 
caustic and astringent effects silver nitrate i^ preferred, as 
the organic comjKUiiids of silver are lacking in caustic 
properties. This salt, however, coagulates ])rotein, which 
is undesiralile when it is necessary to create antisejitic 
conditions Irritation is thereby caused and the jienetration 
of the germicide is lessened. 

It has been found that soluble comjiounds containing 
silver, in which the metal is non-ionised, are ])roduced by 
digesting the in. soluble compounds which siK’er salts and 
proteins form when interacted witli solutions of albumoses. 
The resulting bodies possess the antiseptic and germicidal 
action of silver nitrate and are relatively non-irritant, as 
they do not coagulate protein. The) are used for treatment 
of affections of the sensitive mucous membranes of the 
urethra, the eye, ear, nose, and throat. 

Protargol is the iiuist generally used of the^se silver 
protein compounds ; it contains 8*3 % Ag. Others that 
raa/ be mentioned are argyrol, 30 % Ag. ; argonin, 4-2 % 
Ag. ; albargin, 15 0 % Ag. 

PROTARGOL (K. P. 18478/1897).— A concentrated aqueous 
solution containing 4 4 parts of prot^lbumose is stirred into 
a solution of i j)art of silver nitrate in 15 parts of water. 
The precipitate thus obtained is filtered, washed uatb water, 
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and without being previously’ dried is introduced into a 
warm solution of 5 parts of deutcro albumose in 4’5 
parts of water, < )ii beating at (15" for some time a clear 
solution results , this is evajiorafed to dryness under reduced 
pressure. 

I rotar^el is a li^]it-])ro\\n powder, soluble in 2 ]) arts of 
water. It slioiild be ke])1 in well-sto])]»ered amber bottles. 

A I ])er eenl. aqueous solution should ^ive no preci])itate 
with alkidis, sodium chloride, 01 ammonium sulphide 
solutions 'J'lie solution yields the biurc't reaction when 
mixed witli an equal volume ol 10 jiei cent can.stie alkali 
and a drop or so ol dilute copper snlpliate .solution. On 
ignition a u ^idne oi about 8 ‘p, of metallic silvcT should be 
obtained Protargol is sucee.ssfull\ em])loyed in tn'atnient of 
gonorrha'a and goiiorrhrcal ophthalmia. It is a ])OWTrfuI 
antisejitic and germii'ide. 

ARGONIN (K r. 22i(p/i8(gj; J) R P. 82(131 ).— 'three 
kilos of the sodium salt of casein, containing no free alkali, 
arc mixed w ith joo grams of silver nitrate, and the mixture 
dissolved in liot water. 'j'h(‘ solution is then (‘V'ajioratcd 
to dryness z ;/ vcuho, when a wRiU* solid is obtained which is 
soluble in water, giving a neutral reaction. As an alternative 
method of jiroeedure the acpieoiis solution is jionred into 
alcohol, when the argonin is j)re(:ipitated. 

Argonin contains about 4 jier cent, of silver. It is used 
in the treatment of gonorrheea and in (qihthahmc practice. 

ORGANIC MERCURY COMPOUNDS.- The great value and 
efficiency of inorganic mercury comjioimds in tiie treatment 
of syphilis and as antisej^tics have stimulated a vast 
amount of research in order to discover organic comjjounds 
of the mejal ^vhich should have ecjual or greater antisyphilitic 
properties, and wdiich should be free from the* many dis- 
advantages possessed by mercur}^ itself and its inorganic 
derivatives. Mercuric salts, such as mercuric cldoride, have 
an exiremely high bact|ricidal pow'cr. Their use, however, 
is limited by their high tlxicity and the property they possess 
of coagulating albumen, which causes them to be eictremely 
irritant. A further drawback is that solutions of mercury 
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salts must not bc^ brought into contact with metallic 
instruments, which otherwise will be attacked* and coated 
with metallic mercuiy. 

Mercurous salts and mercury itseli' are insoluble in water 
or other media, and are therefore non-toxic. Their pli^sio- 
logical action dej>cnds. in all probability, U])on the gradual 
formation from them of soluble mercuric compounds. 
Relative!) large do.ses have to be administered in order to 
register the re(pured therapeutic effect, and it not infrequently 
happens that a dose that lor the majority of patients is 
normal will ])roduce in some, in who.se metabolism, presum- 
ably, the oxidation to mercuric derivatives takes ])lace with 
abnormal rajiidity, the symptoms of mercury poisoning. 

Inirtlier, tlie administration of these insoluble compounds, 
usuall)- effected by intramuscular injection, is often accom- 
panied b\' severe local pain. Remarkabl)- slight success, 
however, has attended the efforts to discover organic mercury 
derivatives which are therapeuticall) effective and yet devoid 
of the effects mentioned. 

Mail)- compounds, soluble in water or an alkali, in which 
the mercury is iion-ionised, have been successively introduced 
into medicine, but almost without exception their use has 
been ephemeral. 

Mercury salic)late, almost the first of this class of com- 
pound to lx* em])loyed, still remains imsujierseded ; it finds, 
however, onh' a limited use. Others that may be mentioned 
are : Mercur)- succiiiimide (C2H4(CO)oN)2Hg (Hydrargol) ; 
Asurol, a double compound of mercury salicylate and 
sodium hydrox)'isobutyrate ; Hydrargyrol, mercur}- phenol- 
parasulphonate ; Asterol. a double salt of Hydrargyrol 
with ammonium tartrate ; and Afidol, the sodium salt of 
oxy'mercury ortho-toluic acid, the last named substance being 
edfiloyed as the active constituent of a disinfectant soap. 

MERCURY SALICYLATE 336.— One 

molecular equivalent of salicylic aUid, 138 parts, is mixed 
with freshly precipitated mercuric oxide, 216 parts (i 
mol.) and 500 parts of i % acetic acid solution. The 
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mixture is heated at 90°-ioo°, with continuous stirring, until 
the red colour \)f the mercuric oxide has disappeared. The 
resulting wliite amori)Ii()iis ])rccipitatc is filtered off, washed 
witli water, and dissolved in 10 'X, caustic soda solution, 
about 400 parts (i mol.) of v\liich will be required. After 
filtration the clear liltrate is treated, whilst being stirred, 
with dilute acetic acid, when the mercury salicylate is 
precipitated. It is filtered, washed, and dried, in absence 
of light, at a low' temperature. Mercury .salicylate is a 
white, or pinkish-wdiite, j)Owder, insoluble in water and in 
alcohol. It dissolves to a clear solution, from w'hich it is 
re])rccipitated unchanged by acetic acid 

Merciir}' salicylate does not answer the tests distinctive 
of mercury salts. It gives no precipitate when treated with 
ammonium sulphide or hydrogen sulphide. 

It should afford no residue on ignition, and should contain 
not less than 57 4 % of mercury 

It is an antiseptic and antisyphilitic. It is employed 
internally, being well tolerated by the stomach, and does 
not set up salivation. Occasionally, however, gastro- 
intestinal irritation is produced, even when administered 
by intramuscular injection. Ivxterually it is used as a 
dusting pow'der, in treatment of syphilitic sores and certain 
other diseases of the skin. 

CH.CO COCH2 

Mercury Succinimide I ^N-Hg | 37G. 

H.CO^ COCHo 

— Succinimide, kjS parts (2 mol.), is dissolved in 40 parts 
of 20 % sodium hydrate solution and treated with a con- 
centrated aqueous solution containing 31 '8 parts of mercuric 
acetate (i mol.). The precipitate which is formed is dis- 
solved by boiling, as much more water being added as is 
necessary', the solution filtered and cooled, when mercury 
succinimide ciy'stallises out. 

Alternatively, 19-8 jmrts of succinimide are heated at 
100°, whilst being stijred, with 21 6 parts of freshly 
precipitated mercuric elide and 100 parts of water, until 
the red colour has disappeared. Boiling water is then 
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addod imtd tlie w]iite precipitate has dissolved, the solution 
filtered and allowed to cool and cr>-stallise. • 

Mercnr>- siicciiinnide is a white crystalline powder, soluble 
m 28 i)arts of cold water Tiie aqueous solution does not 
precipilale albumen, but the mcrcurv is ionised, and reacts 
to liydrogen sulpliide, iodides, and alkalis. Afercurj’ 
succinimide is employcal in .syphilis, administered by 
hypodermic injection. U l,as also been employed, with 
good result, in pulmonarx I nberculosi.s. 



Section X.— THE DIGITALIS GROUP, SKIN 
JRRITAN'l'S, GLUGOSIDES, Ax\D NEUTRAL 
PR1NG11»LES 

In thu j'lrcsenl cliaptcr activu natural ^lucosides are 
dealt witli, of chief iinjiorlance anioii^ which is the grouj) 
of heart tonics jj;enerally classilied under di,i;italis. The 
j)Iants coininonly cniployt'd in inedicine in this connection 
are digitalis, stroplianthn^, and .s(jnill, but otJiers in less 
use contain similar active j^lucosides black hellebore, 
Convallaria niajalis, Api'cy^iioji cminahuium, may be men- 
tioned, but. there are many others Tlie chemical examina- 
tion of these herbs has not been satisfactorily completed, 
thoii^di much work has betai done, esjiecially upon digitalis. 
The fact remains, even in this case, that the most satisfactory 
medicament is tJie nnpnrilied tmctuie of the ding, although 
the latter is notoriously variable in its activity and subject 
to rapid deterioration. To meet this dilllculty, physio- 
logically standardised tinctures of digitalis, strojihanthus and 
squill are iisuall}' emjiloyed. The method of physiological 
standardisation employed is based upon the determination 
of the minimum lethal dose to a frog. vSuch a criterion 
is obviously emjiirical and unsati.sfactory, and there is need 
of greater knowledge of the chemical constituents of these‘ 
drugs and the methods of administering them. 

The therapeutic use of skin irritants dates from verj' 
early times ; the}- are valuable in the relief of jiain. Very" 
little is known of the rationale of their action. In addition 
to cantharidin and oil of mustard, which are referred to 
in this chapter, Rhus ^toxicodendron, or poison ivy, 
capsicum, and euphorbia Jare employed, and many other 
plants posvsess this propeify. 

Cantharidin aiK^ capsicum exert \^ery marked blistering 
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action upon the skin. j 3 j 3 -diclilorodiethyl sulphide, employed 
as a lethal gas ” in the war under the name of “ mustard 
gas,” posses.ses this blistering property in greater degree 
than an}\othcr known substance. 


DiGITAIJS and its PKINCirTKS 

The ofiicial digitalis of the British rhannacopceia con- 
sists of tJie dried leaves of Digitalis purpurea, L., collected 
from ])lants of the second year’s grow'tli, as they are com- 
mencing to flowTr, but the time of collection does not 
greatly aflect their activity. Other species of digitalis are 
active, especiall\ the wild Sj)anish variety. 

Digitalis is a cardiac and circulatory stimulant and tonic, 
also a diuretic. It increases the strength of the cardiac 
contractions and reduces the pulse rate without diminishing 
tension, acting directly on the heart muscle. It is of great 
value as a licart stimulant in acute pneumonia, and in 
mitral disease. 

It is used as a diuretic in cardiac and renal dropsy. 

In Great Britain the infusion and tincture are chiefly 
employed. They should be jirepared from carefully dried 
leaves. Moist leaves rapidly lose their activity. 

Infusion of Digitalis is prepared from digitalis leaves. 
To 6o grains of leaves, in No. 20 powder, are added 20 fl. oz. of 
boiling distilled w'ater. The mixture is strained after being 
infused for 15 minutes. 

Tincture of Digitalis is prepared by percolating 2 \ parts 
of dried digitalis leaves with 60 % alcohol, to > ield 20 parts. 

The preparation of the following partly purified principles, 
w'hich occur in commerce, will be desciibed. 

(1) Digitalin Nativelle (crystallised digitalin). 

(2) Digitalin HomoUe (French digitalin). 

(3) Digitalin Gernianicum (German digitalin). 

(4) Digitalin Verum (Kiliani)4 

(5) Digitoxin. 

(6) Gitalin (Kraft). 

DIGITALIN NATIVELLE,— One thousand grams of 
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powdered digitalis leaves are mixed with 100 grams of a 
solution of 250 grams of neutral lead acetate in a litre of 
water. After 24 liours the mass is extracted with 50 % 
alcohol. The extract is treated with a saturated aqueous 
solution containing 40 grams of socliuin bicarbonate, freed 
from alcohol by distillation, and concentrated until it weighs 
2000 grains. W’lien quite cold it is diluted with an equal 
volume of water. The jirecipitatc is collected, suspended in 
1 00 grams of 80 % alcohol, heated to boiling and treated witli 
10 grams of lead acetate. After cooling, the li([uor is liltered, 
mixed with 50 grams of powdered animal chaicoal, freed from 
alcohol, evaporated to dryness, and the dr) residue powdered. 
It is extracted exhaustively with hot chloroform, and, on 
removal of the solvent, crude digitalin is obtained. It 
is purified by Ixnng dissolved in 100 grams of ()o % alcohol, 
treating the solution with 10 grams of purified charcoal 
and a concentrated aciueous solution containing 1 gram 
of lead acetate, boiling for 10 minutes, filtering, and washing 
the solid portion with alcohol. I'rom the combined filtrate 
and washings the alcohol is removed completely, and the 
residue is extracted with ether, in order to remove fat. 
It is then taken up in 8 parts of hot 90 % alcohol, and the 
solution mixed, after being cooled, with 4 jiarts of ether 
and 8 parts of water. On standing, digitalin crystallises out 
in loose white glistening needles. 

Digitalin Nativelle is sparingly soluble in w^ater and ether, 
dissolves easily in cliloroform. It is stated to consist largely 
of digitonin, which is devoid of “ digitalis " action, but to 
contain at times much digitoxin. 

DIGITALIN HOMqjLLE (amorphous digitahn). — One hun- 
dred ] irts^of powdered leaves are moistened with 1000 parts 
of water, and slowly exhausted, cold, in a percolator, imtil 
3000 parts of percolate have been obtained. 

This is treated with 250 parts of lead acetate, and the 
filtrate from the resultifc precipitate freed from lead by 
treatment with 40 parU of cr>’stalhsed sodium carbonate 
and 20 parts of sodium ammonium phosphate. After 
filtration, the liquor is precipitated with 40 parts of tannk 
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acid. Tlie moist tannate is intimately mixed with 25 parts 
of powdered litliari^e and 50 parts of purified animal char- 
coal. after whicli it is dried. The dried mass is extracted with 
()0 % alcoJiol, whicJi dissolves out the digitalin compounds. 
The solvent is distilled off, and the u'sidue washed with 
wMter, after w'hich it is redissolved in alcohol (()o filtered, 
and tile solvent again removed. Tlie residue is extracted 
with chloroform, and, on distilling off the latter, after 
filtering, the digitalin is obtained. 

A yellowish-w'hite amorphous pouder, jaissessing a 
])eculiar aromatic odour. It is soluble 111 alcohol and chloro- 
form. and almost insoluble in water and ether. It is stated 
to consist mainly of digitalm, with some digitoxiii. 

DIGITALIN GERMANICUM.- ('Terman digitalin is ])ie])ared 
Ironi the seeds oi Di^italib piii'l^uyca, not iiom the leaves. An 
alcoholic extract is made, and is treated with lead acetate 
solution. 'The lilt 1 ate is freed from lead 1)\ uk-miis of disodium 
h\drogeu pho.sj)hate. Digit.ilin is preci])italcd in combina- 
tion with tannic acid, and the tannate, alter being washed, 
decomposed with hthaige or zinc oxide 'The .solution is 
evaporated to dryness, and the re.sidue purified by crystal- 
lisation from dilute metliyl alcohol. German digitalin is 
stated to consist jirincipally of digitalein, with some digitalm 
and digitonin. It is readily soluble in waiter and almost 
insoluble in chloroform. 

DIGITALIN VERUM. -One part of German digitalin is 
dissolved in 4 parts of (>5 % alcohol. Five parts of ether 
(720) are added, and the mixture is aUowx'd to stand in a 
closed vessel for 24 hours. An estimation is made of the 
quantity of solid dissolved in the clear .supernatant solution, 
and this, after decantation, is concentrated under reduced 
pressure until the total weight is i 6 times that of the dissolved 
portion. 

Water, 2 ’4 times the weight of the dissolved substance, 
is added, and, on standing, digiiilin gradually separates. 
It is filtered off, washed with 10 %\ilcohol, then with water, 
and finally dried at a moderate temperature. 

Digitalin Venun is a white airforphous powder. 
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M.p. 217° It dissolves in 1000 parts of water, and 100 
parts of 50 % alcohol. It is insoluble in ether and chloro- 
form. 

DIGITOXIN C34H5jOj 1 .— 1 )igitalis leaves are lixiviated 
with cold wafer, lillered. pressed, and extracted with 50-- 
60 % alcohol. The alcoholic solution is precipitated with 
lead acetate, excess of lead bein<; removed from tlie liltrate 
by means of ammonia. The lead-free liltrate is concentrated 
under reduced pressure Ciude drsdtoxin slowly cr\'.stallises 
out from the residue It is collected, dried, and redissolved 
in chloroform, from which it is obtained at;ain m a ])iire lorm 
on distilling oil the solvent Alter being washed with ether 
it is ])uriljed iinalh b> cry.stallisation Irom 80 alcohol. 

Digitoxin cr\ stallises in })earl\ jilates or needles, melting 
at 240°. It is readil}' soluble in alcohol, less .soluble in 
chloroform, ver)- sparingly m ether, and insoluble in water. 

Digitoxin is the most toxic of the constituents ol digitalis, 
and is cumulative in its action Its .sparing .solubilit>' and 
the narrow dilTerence between the theiapeutic and the toxic 
dose militate against its practical value. 'J'he jireseiice of 
other glucosidcs of digitalis increases its solubilit) . 

Digitalin Nativelle is also .said to be a dangerous 
preparation on account ot the pre.sence ol digitoxin. 

GITALIN C\.8ll48^^io- Towdered digitalis leaves are ex- 
tracted with cold water and the decoction is precipitated, 
first with lead acetate, and then with sodium phosphate 
solution. The clear filtrate is then treated with tannic 
acid and the collected jneointate is decompo.sed with zinc 
oxide, and extracted with methyl alcohol. The extract 
is carefully dried, dissolved in water and extracted with 
chlorc ' irm» Gitalin crystallises from the concentrated 
cliloroform extract. 

Gitalin is a gluco.side wdiich affords digitoxose and 
anhydrogitaligenin on hydroly.sis. It has m.p. I50''-I55'', 
is soluble in 6 ck) parts 4^ water, and readih- dissolved by 
most organic solvents. It is said to possess to a greater 
degree than any other^of the digitalis preparations the 
characteristic madicinal action of digitalis. Digitalis 
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Honiolle and Digitalis Verum arc also valued in clinical 
practice. 

Digiialin dissolves in concentrated liydrocliloric or 
sulphuric acid, giving a golden-yellow solution, the colour 
ill the latter case changing rapidly to blood-red. On adding 
to the solution whilst still yellow a drop of either nitric acid, 
ferric chloride, or bromine water, a brilliant purjile coloura- 
tion is produced. 

Dil^itoxin does not give the colour reaction of digitalin 
with concentrated sulphuric acid. 

If when dissolved in acetic acid, to which has been 
added i a 5 solution of ferric sulphate, there is 

jioiired sul])huric acid containing the same quantity of 
ferric suljdiate so as to form a la}er beneath it. a blue 
colour is gradually developed in the acetic acid, whilst the 
sulphuric acid remains colourless. None of the other digitalis 
compounds allords this reaction. 

STROPHANTHUS AND STROPHANTHIN.- The stroplianthus 
seeds of commerce consist of a mixture derived from different 
species. Oflicially the dried ripe seeds of Strophanthus 
Kombe are specified . actually the 5 . Komhc seeds of com- 
merce commonly are mixed w'ith those of 5 , Jnspidus, 
S. grains, etc. 

Strophanthus Kombe seeds yield from J to 4 % of ash. 
If a section of the seed be immersed in a mixture of 8 parts 
of sulphuric acid (i‘84), and 2 parts of water, a deep green 
colour rajudly appears in the albumen surrounding the 
embryo, to w hich the colour rapidly extends. The galenical 
preparation of strophanthus — the tincture — is more widely 
employed than its active jirinciple — strophaiithin, though 
the latter exhibits the characteristic action of thp drug and 
is soluble. 

^ Tincture of Strophanthus. — One part of strophanthus 
seeds in No. 30 pow^der is percolated with alcohol, 70 %, 
until 20 parts are obtained, and dinted with alcohol of the 
same strength, to yield 40 parts. 1 

Assay. — A measured quantity of 50 c.c. of the tincture 
is diluted with 50 c.c. of water and the ^cohol removed by 
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distiUataon The filtered aqueous liquid, after being shaken 
with chlorofdrm, is digested for i hour on a water bath with 
dilute sulphuric acid; after cooling, tlie turbid liquid is 
agitated with 3 successive small quantities of chloroform. 
The chloroform extracts are transferred to a tared flask 
the solvent removed hy distiUation, the residue of stro^ 
phanthidm dried below 60° and weighed. The percentage 
of strophanthidin found when divided bv 0 365 gives the 
percentage of strophanthin present. 

S. Kombe contains 2-3 of strophanthin ; S. hispidus 
T 5 to 3'5 % ; 5, gratus about 3-6 %. 


STROPHANTHIN. --The strophanthin from seeds of differ- 
ent botanical species is said to differ both physiologically and 
chemically. The explanation probably lies in the fact that, 
as prepared technically, the product is not a pure substance* 
but a mix-ture of glucosides, the ))roportions in the mixture 
as obtained from seeds of different species, and possibly even 
roni the .same varieti- at different times, exhibiting varia- 
tions. 


Strophanthin may be prepared by the following 
method 

The powdered seed.s arc defatted with petroleum ether 
or carbon disulphide, and extracted with alcohol. The 
solvent is removed from the extract by distillation, and the 
residue taken up with water. The filtered solution is treated 
with tannic acid, when the glucosides are precipitated in 
combination with this substance. The precipitate is 
collected, washed with water, mixed with an excess of basic 
lead acetate, and dried at a gentle heat. The dry mass is 
extracted with alcohol, the extract freed from lead by 
hydro ^en sulphide and evaporated. The residue is crystal- 
lised from methyl alcohol, or is dissolved in alcohol and 
precipitated by ether. 

Hefter and Sachs (Biochem. Zeits. (1912), 40, 83) proceed 
as follows : — 

An alcoholic extract of the seeds is prepared, and the 
alcohol removed by distillation. The residue is treated with 
TOter and the a<4ueous solution purified by precipitation 
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with lead acetate. The liltrate is freed from excess of 
lead and evaporated to a syrup in the presence of an 
excess of calcium carbonate. The calcium carbonate is 
filtered off and the glucoside precipitated by the addition 
of a large excess of ammonium sulphate. It is purified by 
repeatedly being dissolved in alcohol and reprecipitated by 
ether. 

By this proccdiuc j^ractically identical glucosides have 
been obtained from 5 . Komh'e and S. hispidus, the only 
difference noted being a slight one in the optical rotation. 
By extracting the calcium carbonate precipitate, obtained 
as above, with hot water, a cr> stalline glucoside w'as obtained 
from seeds of the Kombe plant. It possessed very similar 
physiological action to that of the amor|^hous glucosides, 
differing only inasmuch as it ])ossessed a slight haemolytic 
action; and, like them, it yielded stro])hanthidin on hydro- 
l}^sis. Optical rotation [a]n + 287°. vStrophanthin is met 
with as a pale yellow amoq)hous pow der or in the form of 
microscopic white crystals. M.p. (anh> drous), 170°. 

It is readily soluble in water and alcohol, and is practically 
insoluble in cliloroform, ether, petrol-ether, and carbon 
disulphide. No close agreement as to the empirical formula 
of stroplianthin has been reached, but it is regarded generally 
to be C4oH5y()i6. 

The solution is dextro-rotatory ; Hefter and Sachs (loc, 
cit,) give [a]p4-ii‘87® for the glucoside from the Kombe 
plant, and [a] for that from S. hispidus. 

Strophanthiii from S. grains is sparingl}' soluble in water 
(i : 100 at 15°), fuses at 187°-! 88°, and is laevo-rotatoiy'. 

Ouabain, the active principle of Acocanthera Schimperi 
(Oliv.), is identical with strophanthin frbm 5 . gratiis. 

Strophanthus is a cardiac tonic. It acts more energeti- 
cally on the heart than on the vessels, w'hereas digitalis acts 
on the vessels as much as, or even more than, on the heart. 
Strophanthus is therefore preferred (in cases in which arterial 
tension is already high, as digitalis 1 increases it. vStrophan- 
thus is valuable in mitral regurgifcition, accompanied by 
cardiac insufficiency. It acts with greaj:er rapidity tlian 
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digitalis, being very soluble and diffusible, and is more 
useful than th*e latter in promptly stimulating sudden cases 
of cardiac failuie. It is not cumulative, and, unless there be 
gastro-intestinal catarrh, has no tendency to produce 
digestive disturbances. 

SQUILL. — Squill is the sliced dried bulb of Urginea 
Scilla (Stciiih.) ; it is obtained from the coast of the Mediter- 
ranean. 

IJried squill is very liygrosco})ic ; it should be kept 
thoroughly dry in order to preserve its medicinal activity 
uti impaired. No active princi])le suitable for use in medicine 
has been isolated from s(|uill. The chief piejiarations 
employed are the tincture and the acetic acid extract. 

Tincture of Squill is pie])ared by macerating bruised 
squill, I part, with 5 parts of 60 % alcohol, and straining. 
Acetum Scillcc results from macerating S(iuill, i jiart, acetic 
acid, I part, and water, 3 2 jiarts. 

The active principle (scillaiu, scillitoxin) is a non- 
mtrogeuous gliicoside. 

For its isolation, the disintegrated dried drug is digested 
for 1-2 days with water, the extract is treated with lead 
acetate, and after removal of excess of lead, the filtrate is pre- 
cipitated with tannic acid. The precipitate is washed with 
\i'ater, treated with alcohol and zinc oxide and evajioratcd to 
dr\’ness. 

The dried mixture is extracted with boiling alcohol, and 
from the extract, after removal of the solvent by distillation, 
the glucoside is obtained. The product is a yellow, amor- 
phous powder, possessing a bitter taste. It is readily 
soluble in alcohol ; glaringly so in w^ater, ether and chloro- 
form. It possesses a similar physiological action to that of 
digitalin. Kopaczew.ski (Compt. rend. (1914), 158, 1520) 
isolated from Scilla maritima an active principle which he 
named Scilliiin. It mdted at 152°- 154^, and was not 
obtained crystalline. ^ 

Squill is a stimulanj exq>cctorant, and a diuretic and 
cardiac tonic. It increases the secretion of the bronchial 
mucous membranei and is used, with other expectorants, in 
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chronic bronchitis with scanty secretion. It is too irritant 
for nse in acute bronchitis. Squill increases tHe force of the 
heart more than either digitalis or strophanthus ; it slows 
the heart more, and causes more constriction of the coronary 
vessels. It is preferred in cases where the blood pressure 
requires to be raised. 

SALICIN C6Hii05 0'C6H4 '0112011. — Salicin is a glucoside 
of ortho-hydroxy-benzyl-alcohol, and is found in the bark 
of various species of Salix, S. peniandra, S. helix, 5 . 
prevcox. S', nigra yields about o'y % of saliiiigriu, which is 
the glucoside of meta-hydroxy-beiizaldeli> de. 

To prepare salicin the jiowdered bark is extracted with 
boiling water, the extract is concentrated in vacuo and 
purified by precipitation with lead acetate. After filtration, 
excess of lead is removed from the filtrate, which is then 
made neutral with ammonia and concentrated to a syrup. 
On standing, salicin slowly cr>'stallises out. It is purified 
by recry'stallisation from water, employing charcoal as a 
decolourising agent. A second crystallisation, from alcohol, 
may be given if necessary. 

Salicin forms colourless, tabular, or slender acicular 
crystals, possessing very little taste. M.p. 200°. 

It dissolves in 28 i)arts of water and in 82 parts of alcohol 
(9^ %)• ^he aqueous solution is neutral towards litmus. 

Salicin is an antipyretic, antiperiodic, tonic and bitter 
stomachic. It is better tolerated by the stomach, and is 
less depressant, than sodium salicylate, by which, however, 
it has been largely rej)laced in medicine. Salicin has been 
recommended as a prophylactic against influenza, and for 
its cure. 

CANTHARIDIN C10H12O4. 196. — Cantharidin ic the active 
principle of the beetle, Cantharis vcsicatoria, which is found 
in Spain, France, Russia, Sicily and Hvmgar\g also of 
Mylabris phalcrata (Chinese cantharides) , and other species 
of Mylabris. The dried beetles Contain, according to the 
species, from 0*6 to I'o % of cantharidin. 

The cantharidin is extracted irom the crushed beetles 
with a solvent, a little hydrochloric oxt acetic acid being 
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added to liberate the cantharidin from its salts. Benzene and 
acetone are satisfactory and cheap solvents to employ. The 
residue, after removing the solvent from the extract, is 
treated with petrol-ether, in wliich cantharidin is insoluble, 
to remove fatty substances; it is tlieii cr)'stallised from 
chloroform, alcohol or glacial acetic acid. 

Another method of procedure is afforded by D. R. P. 
233467. Thirty kilos of the powdered insects are mixed 
with 6 litres of absolute alcohol, containing 25 % of dry 
hydrogen chloride, and the mixture allowed to stand at 
below 50°, with frequent agitation. It is then extracted 
with a boiling mixture of 5 vols. of benzene and 2 5 vols. 
of petrol-ether (b p. So^-po®). After extraction, the solvent 
IS removed at the lowest ]'>ossiblc temperature, and tlie 
mixture dissolved in a hot mixture of i vol. of absolute 
alcohol and 9 vols. of petroleum ether. The cantharidin 
crystallises out after cooling. 

[With regard to this process it may be remarked that, 
cantharidin being a carboxylic acid, it would seem likely 
that the foregoing procedure would result in part of it, at 
any rate, being transformed into its ethyl e.ster.] 

Cantharidin forms white, crystalline scales. M.p. 218®. 

It is ver}’ slightly soluble in water, but dissolves in alkalis, , 
forming salts; it is soluble in 1150 parts of cold alcohol, 

55 parts of chloroform, and in 700 parts of ether (rect.). 

It should dissolve without change of colour in concen- 
trated sulphuric acid, from which it is precipitated unchanged 
on dilution with water. Cantharidin is a powerful vesicant, 
or blistering agent. It is employed for treatment of deep- 
seated inflammatio|s, such as in pleiuitis, pericarditis, 
pneu: onia, sciatica, etc. ; internally, in small doses, it is 
diuretic and aphrodisiac. 

OIL OF MUSTARD.— Oil of mustard consists of not less 
than 92 per cent, of alWl isothioc>’anate C3H5CNS. It is 
derived from the dried seeds of Brassica nigra by distillation. 
The latter contain a glu^oside, senigrin, which is hydrolysed 
to allyl isothiocyanate and a sugar. 

AUyl isothiocyanate may be produced sjuithetically by 
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chronic bronchitis with scanty secretion. It is too irritant 
for nse in acute bronchitis. Squill increases tHe force of the 
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the heart more, and causes more constriction of the coronary 
vessels. It is preferred in cases where the blood pressure 
requires to be raised. 

SALICIN C6Hii05 0'C6H4 '0112011. — Salicin is a glucoside 
of ortho-hydroxy-benzyl-alcohol, and is found in the bark 
of various species of Salix, S. peniandra, S. helix, 5 . 
prevcox. S', nigra yields about o'y % of saliiiigriu, which is 
the glucoside of meta-hydroxy-beiizaldeli> de. 

To prepare salicin the jiowdered bark is extracted with 
boiling water, the extract is concentrated in vacuo and 
purified by precipitation with lead acetate. After filtration, 
excess of lead is removed from the filtrate, which is then 
made neutral with ammonia and concentrated to a syrup. 
On standing, salicin slowly cr>'stallises out. It is purified 
by recry'stallisation from water, employing charcoal as a 
decolourising agent. A second crystallisation, from alcohol, 
may be given if necessary. 

Salicin forms colourless, tabular, or slender acicular 
crystals, possessing very little taste. M.p. 200°. 

It dissolves in 28 i)arts of water and in 82 parts of alcohol 
(9^ %)• ^he aqueous solution is neutral towards litmus. 

Salicin is an antipyretic, antiperiodic, tonic and bitter 
stomachic. It is better tolerated by the stomach, and is 
less depressant, than sodium salicylate, by which, however, 
it has been largely rej)laced in medicine. Salicin has been 
recommended as a prophylactic against influenza, and for 
its cure. 

CANTHARIDIN C10H12O4. 196. — Cantharidin ic the active 
principle of the beetle, Cantharis vcsicatoria, which is found 
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Mylabris phalcrata (Chinese cantharides) , and other species 
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The cantharidin is extracted irom the crushed beetles 
with a solvent, a little hydrochloric oxt acetic acid being 
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It is then filtered v/hilst hot, and the filtrate cooled to 
—10°. The 'lecithin, in the form of a treacly substance, 
separates during several hours’ standing. It is isolated by 
decantation, washed by decantation witli cold alcohol, dis- 
solved in a small quantity of chloroform, reprecipitated 
with acetone, and the precipitate filtered ofi and dried 
in vacuo. A further quantity is obtained from the alcoholic 
solution, by distilling off the alcohol, shaking out the 
residue v\ith chloroform, and, after washing the chloroform 
solution with water, precipitating the lecithin contained 
in it with acetone. 

Yet more is obtained from the ctlier extract of the 
cadmium precipitate. This is freed from cadmium with 
ammonium carbonate, the lecithin isolated by freezing out, 
and purified by preci])itation with acetone from its solution 
in chloroform. The total yield is 5 % of the w-eight of the 
egg yolk. 

Several methods have been protected by which the use 
of cadmium chloride is avoided. 

In 1 ). R. P. 2235q3, ethyl acetate is employed as a solvent. 
One hundred kilos of egg yolk are shaken, at 15*^, with 
500 kilos of eth\'l acetate. The solvent layer is then 
separated, filtered, and concentrated, the distillate being 
used for another extraction of the }'olk. This is repeated 
until the ethyl acetate comes aw ay colourless. The residue, 
after removal of the solvent, is dried in vai uo until free from 
solvent. It is obtained in the form of a powder, which 
contains 35-40 % of lecithin, and is free fromxholesterin. 

A pure lecithin is obtained by dissolving the crude 
product in warm ethyl acetate (qo^-yo®), from wliich it 
cr\’'S'^ llisas out on cooling. 100 kdos of egg yolk yield 
9-10 kilos of the purified lecithin. 

In D. R. P. 260886 it is pointed out that lecithin is 
unstable at temperatm;|S higher than 50°. One hundred 
kilos of yolk of egg are shaken for 3 hours, at atmospheric 
temperature, with 100 kilos of methyl alcohol. After 
standing overnight, tl4 solvent layer is filtered, and the 
residue extracted^ again in the same way with lOO kilos of 
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methyl alcohol. The combined extracts are separated 
from the fat which comes out on standing, 'concentrated 
under reduced pressure, and the residue is dried. 

The purification of crude leciUiin is carried out, according 
to 1), R. r. 291494, by 'washing twice, by prolonged agitation, 
witli acetone containing 10-15 % of water, and to which 
0*5 to I'o % of sodium bicarbonate has Ix^en added, and then 
with pure acetone until it attains a waxy consistency, after 
which it is dried tn rai no at a low temperature. A tasteless 
and odourless product is obtained by this procedure. 

By D. R. P. 261212, one hundred kilos of egg yolk are 
mixed with 500 litres of 96 % alcohol and shaken for 24-48 
hours, at ordinary temperature. The solution, after separa- 
tion and filtration, is mixed with one third its volume of 
a I % to 2 % solution of sodium cliloride. The lecithin 
separates in a gelatinous la\er, mainly on the surface of the 
solution, during a Jong period of standing, after which it is 
filtered off and dried at 30 ^ 

19-20 kilos of this jiroduct (stated to be pure lecithin) 
are yielded by 100 kilos of egg yolk. 

The Extraction of Lecithin from Seeds. ~{a) From 
Wheat Embryo (I). R. P. 179501) : I'our parts of wheat 
embryo, dried at 70°, are dejirived of fat by exhaustion with 
20 parts of petrol-ether (b.p 55°-57''). The mass is freed 
from solvent and extracted comj)letel>' with 10 parts of hot 
alcohol (95 %). A clear brown honey -like syrup, which 
contains lecithin together with proteid matter, etc., separates. 
Part of the alcxihol is removed by distillation, and tiie residue 
is diluted with water until the alcohol content is 70 %. 
Alcohol (70 %) is added, if necessary, so that one part of 
extractive (estimated by evaporation of^an aliquot portion) 
is dissolved in 10 parts. The solution is warmed and treated 
wfth a hot 10 % solution of barium chloride so long as a 
precipitate continues to be produced. After cooling, the 
crude lecithin which is precipitated 'is collected and purified 
by solution in 5 parts of chloroform, filtration from insoluble 
matter, and removal of the solvent, j^referably in vacuo. 

(6) From Peas and Beans (D. R. PP. ^200253, 210013) : 
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One hundred kilos of dried shelled peas are boiled for 4 
hours with 150 to 200 litres of 96 % alcohol. The extract, 
after filtration, is concentrated to one half its volume, and 
water added to reduce the alcohol content to 85 %. On 
standing, the lecithin, which is only •sparingly soluble in 
alcohol of this strength, separates out as a gelatinous mass. 
This is separated, washed with a little cold 96 % alcohol in 
order to remove last traces of fatty and bitter principles, 
and dried in vacuo, i to kilos are afforded by 100 kilos 
of peas. 

The lecithin from plants, however, seems not to be 
identical with that of animal origin. 

Lecithin is a translucent, yellow or yellowish-white, 
hygroscopic, waxy solid. It is completely soluble in chloro- 
form. 

Lecitliin is employed to improve general conditions in 
neurasthenia, and generally as a nerve tonic. Bain (Lancet, 
April 6, 1912) states that lecithin is a valuable drug in 
anaemia and debility ; it acts as a metabolic stimulus. Its 
good effect on the nervous system is attributable to improve- 
ment in general nutrition and not to its being a good ** brain- 
food/' Its most striking effect is on the blood, red and white 
corpuscles (especially lymphocytes) and haemoglobin being 
all increased. With phytin (plant lecithin), on the other 
hand, unsatisfactoiy^ results were obtained. 

a- AND jS-GLYCEROPHOSPHORIC ACID 

CH20P0(0H)2 CH2OH 

I I 

CHOH and CH0P0(0H)2 

I I 

, CH2OII CH2OH 

The following salts of glyccrophosphoric acid are employed, 
as well as the acid itself, m medicine : sodium, calcium, 
potassium, magnesium and iron glycerophosphates. The 
sodium salt, moreover, fe met with in two varieties, a hand- 
somely crystalline compound containing 5 molecules of 
water of crystallisation, and a syrup containing 50 % or 
75 % of anhydrous sodium glycerophosphate. 
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Two isomeric glyccrophosphoric acids, a and can exist, 
CH 20 r 0 ( 0 H)., CH.OH 

I ■ I 

CHOH and CHOPO(OH)o 

I ■ I 

CHjOII CH2OH 

n-glvc( rophosphonc acid. /J-glyct ropliosplionc acid. 


oi wliicli the a vn-riet}', coiitdiniiic; an asy mine trie carbon 
atom, can exist in two stereo-isomeric forms, lawo and dextro. 

'' Natural glyeeropliosplioric acid, derived from egg 
lecithin, exhibits optical rotation, therefore must consist, 
at least partially, of the a acid. 

Two processes are employed technically for the synthesis 
of glyceroj)hosj)horic acid. One consists in heating glycerine 
and phosphoric acid togetlier at a tem]>erature of 
and lias been shown to afford mainly the a acid ; by 
the otlier method mono-sodium pliosphate is heated with two 
molecular projiortions of gh cerol, and tlu' resulting diglyccryl 
ester hydrolysed with sodium li\ droxide 

Na0T0(OH)2+2C3l4O3 NaO r0{0C3H70o)o 

(Na 0 ) 2 r()-OC 3 H 70 o 

A considerable portion of a crystalline sodium salt is 
obtainable by tliis process, and this has been shown to be 
sodium ^-glycerophos})hate. The liquor from which no further 
quantity of this crystalline salt can be obtained, constitutes 
the licpiid sodium glycerojihosphate of commerce, whilst 
the other salts, calcium, magnesium, iron, etc., and the acid 
itself, are most generally prepared from|,the product df the 
interaction of phosphoric acid and gh cerin. 

pother method (E. P. 2883 of 1912) consists in heating 
monochlorohydriii, CaHgOjCl, with phosphoric acid. 

Pure a-glycerophosphoric acid l(as been prepared (King 
and Pyman, Trans. C. S. 105, 1253) by the interaction of 
a-monochlorohy drill and trisodium pliosphate, and the pure 
j5 acid by the interaction of a-dichlorohydrin with phosphorjd 
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chloride, converting the product, bis-s-dicliloro-iso-propyl 
phosphoric acid, into its calcium salt, 

{(CHgCbs : CHOjo PO-O Ca O ro{ 0 -CII : (CH2C1)2)2-4H20 

and hydrolysing this by boiling sodium carbonate 
solution, when sodium jS-glycerophosphate is j)roduced. 

Preparation from Glycerine and Phosphoric Acid.— 
A mixture of 25 parts of glycerine and ;(> parts of 66 phos- 
phoric acid (sp. gr. 1 70) is heated at 103'’, Power and Tutin 
(Trans. Chcm Soc. (1003), 24(1) heated for 24 hours (three 
periods of 8 liours) ; Prunier (Tull. Soc. ('him. (1907), [4] 1046) 
heated equal weights of glycerine and 60 % acid at iio'^ for 
70-80 hours. The reaction mass vsliould be stirred, in order 
to prevent local overheating. The ])roduct is blown into 
600 parts of water containing 30 parts of slaked lime, and 
stirred until neutral. The solution is filtered, through a 
filter })ress, at i6°-i8^, at which temperature the calcium salt 
is most soluble, and the residue wa.shed with water until 
the wasliings no longer afford a j^recipitate when heated to 
TOO . The combined filtrates, which contain the calcium 
gIyeeroj)hosphate in .solution, are neutralised (to phenol- 
tihthalein) with a solution of glycero]dio.s])lioric acid, and 
evaporated nearly to dr\ness, jireferably under diminished 
pressure. After cooling, alcohol is added, and the whole 
liltered. The filtrate contains the excess of ghxerine and 
any colouring matter that has been produced The alcohol 
and glycerine are recovered by distillation and used again. 

The calcium glycerophosphate is washed with a little 
alcohol and dried. In order to obtain the free acid, from 
which the other salts are prepared, a weighed quantity of 
the ' ilcMini salt, inlwhich the percentage of calcium has been 
accurately determined, is mixed with water and treated 
with the theoretically required amount of sulphuric acid. 
After filtration from ^the precipitated calcium sulphate, 
a solution of barium glyceropho.sphate is added, exactly 
sufficient to precipitate, as barium sulphate, the dissolved 
sulphate ions. The filtered solution is then concentrated 
to sp. gr. 1*127, glycerophosphoric acid itself is required, or 
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neutralised with precipitated ferric hydroxide, magnesia, 
or potash. Addition, before or during neutralisation, of 
the quantity of oxalic acid necessary to combine with the 
calcium still remaining in the solution, will result in the 
removal of this impurity The respective salts are then 
obtained by evaporation. 

Preparation from Sodium Dihydrogen Phosphate 
and Glycerine. — According to Poulenc Frerc's original 
patented method (D. R. P. 208700), by which ciy’stalliue 
sodium jS-glyccrophospliate is prepared, i molecular equi- 
valent of sodium diliydrogen piio.spiiate and 2 equivalents 
of glycerin are heated in vacuo. 

/Oil 

0 =P/ 0 H +2C3IISO3 0 =P;- 0 C.,H 7 U 2 + 2 H 20 
''ONa "^ONa 

The resulting product, sodium diglyccro-pliospliate, is 
hydrolysed by being boiled with sodium hydroxide solution, 

/OC3H7O2 /OC3H7O2 

0=-P^0C3H7024-Na0H ^ O=P/ 0 Na +C3H8O3 
^ONa ^ONa 

The solution is then concentrated and, after cooling, 
sodium glycerophosphate crystallises out. By a variation 
of the above, ammonium acid phosphate is used in place 
of the sodium salt. 

No details are furnished in the specification as to the 
temperature, or time of heating. These are supplied, how- 
e\^r, by Wuhiiig, w ho evades the above patent by employing, 
instead of sodium dihydrogen phosphate, a mixture of 
disodium hydrogen phosphate and mela-phosphoric acid 
(D. R, P. 205579). 

pne part of glacial metaphosphoric acid is mixed with 
1*4 parts of disodium hydrogen phosphate and 3*2 parts 
of glycerine. The mixture is heated under a vacuum of 
about 50 mm,, and the temperature gradually raised from 
120 to 210®, at which it is kept untifr a test portion gives 
a negative reaction for phosphoric acid. The reaction mixture 
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is then hydrolysed with caustic soda. The composition of 
the metaphosf)horic acid employed in this example is given 
asNa=i4-04 % ; HPO3 (free) = 31-68 % ; HPOs (combined) 
= 52-8 % : H2O = 2-4 %. 

In a subsequent patent (D. R. P.* 217553), in which a 
further variation is described, it is stated that the temperature 
given above is unnecessarily high, and that the reaction can 
be carried out advantageously at 145°. One hmidred parts 
of meta-phosphoric acid and 17 parts of sodium hydrate 
are mixed with 60 parts of water and 100 parts of glycerin 
(sp. gr. 1-23) and heated in vacuo. The water distils over 
at 70°, and at 125'" solution is complete. The reaction is 
finished at 145°, when the product is treated as before. 

The reaction mixture, after hydrolysis, contains, as seen 
from the equations, sodium glycerophosphate together with 
a molecular equivalent of glycerine. This requires to be 
recovered, and by doing so the subsequent cr>’stallisation 
of the salt is facilitated. This is ellected by concentrating, 
in vacuo, to a syrup, and boiling out with strong alcohol, 
in which the glycerine dissolves. After separation of the 
alcohol-glycerinc layer, the residue is set aside to crystallise, 
and allowed to stand until the process is comjilete. Cr}'stal 3 
and liquid are then se])arated by centrifugal action or 
hydraulic pressure. The former are purified by recrystallisa- 
tion from water ; the latter is adjusted to the required 
strength and marketed as “Sodium glycerophosphate 
liquor," 50 % or 75 %. 

Another process that has been proposed (B. R. P. 
242422) for the production of glycerophosjihoric acid consists 
in generating phosphoric acid in situ by treating calcium 
phos; hate with suljhuric acid and heating the mixture with 
glycerine. 



Section XI.—OTKER SUBSTANCES OF IN- 
TEHEST-n T UJ TARY AND THYROID 

EXTRACTS, VITAMINES, SACCHARIN 

Preparations of pituitary atid thyroid glands cxliibit 
marked ])harmacol()gical properties, and their medicinal 
application has ac(iuired outstanding importance compared 
to that of the preparations of other animal glands, such as 
duodenal gland, thymus gland, ovaries, testicles, and brain 
and Sj)inal cord, to none of which can so far be ascribed 
characteristic physiological effects. 

The wide application of ])ituitary extract in obstetrics 
and of thyroid in the treat ineiil of myxa^dema and cretinism 
was thought to call for a reference to the methods of prepara- 
tion of these substances, albeit that we have but little 
chemical knowledge of them. 

The latter stateiiient also applies to the vitamines or 
accessory food substances, the present state of our knowledge 
of wdiich is derived almost exclusively from pli}'siological 
as distinct from chemical experiments. Their use in medical 
treatment and dietetics is very rapidly gaining ground. 

Saccharin, on the other hand, is a substance of which the 
chemistry is w^ell known, but which is entirely without physio- 
logical action apart from its intensely sweet taste. Its use as 
a sweetening agent where sugars a^ contra-;ndicated 
gives it a place of importance in medicine despite its 
inactivity. 

PITUITARY GLAND. — The pituitar}' gland of mammals — 
a small ductless gland situated at the base of the brain — 
contains in its posterior or infundibular lobe a substance 
which exerts powerful physiological activity. The anterior 
lobe, or hypophysis, is not posses.sed of the same action, but 
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exercises an obscure controlling action upon development 
and metabolism. 

The infundibular portions of the glands of sheep, oxen, 
or pigs possess similar activity. Any of these sources of the 
glands may therefore be employed in the preparation of the 
extract. The gland being an exceedingly small one, ox 
glands repay best the labour of dissection. The dried, dis- 
sected whole gland is occasionally adraini.stercd internally to 
improve metabolism, but its administration is not attended 
with any obvious results. On the other hand, extracts of the 
I)osterior lobe injected intramuscularly or intravenously exer- 
cise a j)ronounced action on many organs, causing prolonged 
rise in blood pressure and a strengthening of heart beat. 
They also stimulate ])eristalsis, diuresis, contraction of the 
uterus, milk secretion, etc. See Oliver and Schafer (Journ. 
Phys. xviii, p. 277) ; I^Iagnus and Schafer (Ibid, xxvii.) ; 
Dale (Biocliem. Journ. iv. p. 427). 

Extract of Pituitary Gland.— The finely minced fresh 
or dried posterior lobe in weighed amount is added to 
distilled water acidified by acetic aeid~0’5 %, the tempera- 
ture is raised to the boiling point, and the boiling continued 
for ten minutes. This oj)eration may best be done in a 
hard-glass flask. The solution is set aside to cool and allowed 
to stand for at least twenty-four hours, care being taken to 
exclude bacteria. It is then filtered, made up to the required 
volume, again sterilised by heating to 90°, and allowed to 
stand. The process is a perfectly sinqile one and, under 
conditions of ordinary care, little or no loss of activity 
takes place. It is important to avoid the alkaline condition, 
traces of hydrogen peroxide will cause a loss of activity, and 
a rapid of activi|}’' will also occur if organisms be allowed 
to develop in the solution, or if proteolytic enzymes or other 
hydrolytic agencies be at work. 

Proposals have been made to precipitate albuminous 
matter by the addition of uranium acetate or dialysed iron, 
but these constitute no improvement and are apt to result 
in a loss of activity posable through adsorption of the active 
substance by the precipitate. 



304 


ORGANIC MEDICINAL CHEMICALS 


No chemical method of testing the activity of the 
extract has been devised, nothing being known of the 
chemical nature of the active ingredient, which, however, 
can be removed from the extract by dialysis and appears 
to be of a comparatively simple nature. The extract is 
made in differetit strengths : a solution representing 20 % of 
its weight of fresh gland is that commonly employed. It is 
not official in the British Pharmacopceia, but the United 
States rharmaco])ceia includes an extract. This is stan- 
dardised by a physiological method, to represent about 13 % 
of fresh gland. The pliysiological standard there proposed 
is that I c.c. diluted 20,000 times with Ringer’s solution has 
the same activity on the isolated uterus of tlie virgin guinea 
pig as a I in 20,000,000 solution of Histamine hydrochloride. 
It has, however, been pointed out that this standard is unsuit- 
able and considerably below that of commercial solutions in 
common use. The above method is based on the method pub- 
lished by Dale and Uaidlaw (Journal of Pharmacology, iv. 75), 
who, however, adopt as their standard an extract prepared 
from perfectly fresh infundibular substance, which has 
been preserv'ed and sterilised in sealed glass phials. Under 
such conditions they tind the extract has great stability. 

The determination by means of the contraction of the 
uterus of the virgin guinea pig has been found a more accurate 
method of evaluation than methods dependent upon the 
action on the blood pressure or on diuresis. 

Pituitar}^ extract is used chiefly in medicine as a remedy 
for secoudaiy^ weakness of uterine contraction, and is of 
special value in assisting labour at child-birth. It is employed 
in surgical shock and collapse after severe operations and 
serious loss of blood, also to restore activity to ,„the para- 
lytically distended bowel in certain conditions and to produce 
di'ifesis. Paradoxically it controls the diuresis of Diabetes 
insipidus. For a few hours after a ^uH dose has been admin- 
istered further doses have no effect. 

THYROID GLAND. — The thyroid gland is a ductless gland 
situated in the throat ; its secretions are essential to normal 
metabolism. Various diseases result from the failure of this 
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gland to function properly. On the other hand, an excessive 
thyroid secretion appears to be at least a factor in the causa- 
tion of exophthalmic goitre or Graves’ disease. Thyroid 
deficiency is generally met by the administration of the gland 
itself, but an extract may be prepared which has the same 
efiect. The dried gland, however, is characterised by great 
stability, and consequently but little advantage is gained by 
the use of an extract. 

The glands are generally obtained from the sheep ; in tliis 
species one pair of the small glands, known as the parathyroid 
glands, is incorporated in the lobes, and these are stated to 
secrete a substance which acts powerfully upon the nervous 
system. To prepare the dried thyroid the total gland is 
dissected from the surrounding fat and tissues, minced and 
salted. It is then carefully and thoroughly dried, either in 
a current of warm air or in a vacuum cupboard, at a tempera- 
ture not exceeding 40°. The dried glands are finely powdered. 
They are commonh' administered in tablet or cachet form. 

The active principle being a substance containing a 
considerable percentage of iodine, the activity of the gland 
may be tested by a determination of the combined iodine 
content, which should be about 0 2 %. 

. The British Pharmacopoeia gives a method for the 
preparation of a Liquor Thyroidei. and the British Pharma- 
ceutical Codex one for an Extractum Thyroidei. They are 
simple pharmaceutical processes which do not call for 
comment. Recently Kendall {Journ. Biolog. Chem. xxxix. 
125 and xl. 265) has isolated from the thyroid a pure 
cr>^stalline substance, Thyroxin, possessing the characteriatic 
physiological activity of the glands ; the following is the 
methoi^of prepar^|tion. 

ir'reparation of Thyroxin. — Fresh or desiccated thyroid 
gland is treated in an enamelled vessel for 24 hours with 
hot 5 % aqueous sodjum hydrate solution. The insoluble 
soaps are separated by filtration, and the filtrate acidified 
after being cooled. The precipitate thus formed compriice 
I % of the total weight of the fresh glands used, and con- 
tains 26 % of iodine. It is redissolvcd in caustic soda and 

I. ao 
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reprecipitated with hydrochloric acid.' It is then air- 
dried, dissolved in alcohol 95 % and made neutral to litmus 
with sodium hydroxide. The solution is then filtered and 
the filtrate treated with a hot concentrated aqueous solution 
of baryta; after a fmlhcr filtration a small quantity of 
sodium hydrate is added, and carbon dioxide passed through. 
The precipitated barium and sodium carbonates are removed 
and the alcohol distilled, the last traces being removed by 
evaporation in an open dish. The residue is acidified with 
hydrochloric acid, the ]:>recipitate filtered off and dissolved 
in alkaline (NaOH) alcohol. The solution is next treated 
with carbon dioxide, and after removing the sodium carbonate 
the alcohol is again removed by distillation. On standing 
the mono-sodium vSalt of thyroxin separates. It is subjected 
to further precipitation by a repetition of the above treatment 
and by being several times dissolved in alkaline alcohol 
and precipitated with acetic acid. By tliis method, 6550 
pounds of fresh hog’s thyroid gland yielded 33 grams of 
thyroxin. 

The following formula has been assigned by Kendall to 
thyroxin : 

HI 

CH.---CH0--COOII 

^K/\ -CO 
H N 
H 

It is a colourless, odourless, ciy’stalline substance, existing 
in four distinct forms, the keto — m.p. 250°, the enol — m.p. 
204°, open ring — m.p. 225°. and a tautomeric form— m.p. 216®. 
It contains 65 % of iodine ; it is insjpluble in aqueous 
solutions of all acids. With alkali hydroxides it forms 
dibasic salts, with alkali carbonates monobasic salts. Its 
acetyl and dimethyl derivatives haye been prepared and 
the presence of an indol ring recorded ; the constitutional 
formula given above requires further confirmation. 

Thyroid medication is chiefly enjployed in the treat- 
ment of diseases resulting from deficient conditions of the 
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thyroid gland, for instance in myxocdema and cretinism ; 
the dried substance in tablets or cachets is generally employed. 
The administration is continued often for long periods, and 
frequently throughout life. 

The myxeedematous patients poss<?ss generally a uniform 
metabolic rate which is about 40 % below normal. Adminis- 
tration of I mg. of thyroxin has been shown to produce, 
in an adult weighing 150 lbs., an increase of 2 % in the 
metabolic rate. The curve of this response is approximately 
a straiglit line between 30 below normal to 15 -20 % above 
normal metabolic rate, and it is possible by such medication 
to maintain the metabolic rate at any desired ligure between 
these limits, over periods of time measured in years. 

Thyroxin is not essential to life, and ii) its complete 
absence the fundamental chemical reactions occur and life 
is inaintained. but the flexibility of energy outj)Ut is limited 
to a narrow' range It has been found that in tlie winter 
mouths the tliyroid glands of oxen, sheep and pigs contain 
less thyroxin, as measured by the iodine content, than in 
summer, and this is lield to be attributable to the fact that 
the greater amount of energy reifuired to be exerted during 
cold weather to maintain body tem])eratiirc, causes a wearing 
out of the thyroid reser\^es, consumption being greater than 
production. With the advent of the warmer seasons the 
reverse process sets in and the thyroxin store is again 
built up. 

VITAMINES.—Vitamines are substance.s~the existence of 
three is recognised with certainty — whose presence in the 
dietar}' is essential for proper nutrition, and who.se absence, 
if prolonged, gives rise to serious disease*, such as rickets, 
scur'y-j^^nd beri-l^ri. Tittle is knowm as to their dieraical 
nature ; in fact, no vitamine has yet been isolated in 
a state approaching purity. Recognition of the vitamine 
principle arose out of^ study of the etiology of beri-beri. 
This disease is endemic among populations whose main 
article of diet is rice. The arrival in th East of modern 
milling machiner}* bipught atx)ut a great increase in the 
number of cases, and in 1897 evidence was brought forward. 
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by Kijkmann, that beri-beri was related to the kind of 
rice constuned. Statistics were collected showing the inci- 
dence of beri-beri in the Dutch East Indian prison establish- 
ments. Diiferent gaols, owing to different situations and 
local customs, were shpplied with different kinds of rice. 
In thirty-seven prisons red rice was employed, and only one 
of these developed cases of beri-beri ; in thirteen prisons in 
which a mixture of red and white rice was given, six of them 
developed the disease ; whilst of fifty-one prisons where 
white rice alone was eaten, in no fewer than thirty-six was 
beri-beri develojied. 

In 1907-8 Fraser and v^tanton carried out experiments 
in which disturbing factors, sucJi as the possibility of the 
conveyance of an infection, were eliminated or were ade- 
quately controlled. One Jialf of a gang of 300 Javanese 
labourers was fed on wliite rice and tJie otlier half on par- 
boiled rice. In about three months cases of beri-beri began 
to occur among those fed on white rice, whilst no sign of the 
disease appeared amongst the others. The conditions were 
then reversed, and again the disease developed only among 
the party partaking of white rice Continuing their re- 
searches these investigators showed that the disease is 
caused by the deficiency in polished rice of a substance, 
contained in the outer layers, that is removed in the milling 
process. This substance was found to be soluble in water 
and alcohol. It is stable in neutral or acid solutions, but is 
destroyed by alkali. Heating at 120® for 2 hours completely 
destroys it. 

It was soon sliown that vit amines were not contained only 
in rice polishings, but were present in many other substances 
of vegetable and animal origin. Fimk^ Edie, and others 
proved their existence in yeast, milk, and bran ; the list 
hrf been extended to include wheat, oats, nettles, blood, 
yolk of eggs, cabbage, potatoes, mea{, and otlier substances. 

Three classes of vitamine, having different actions, are 
now recognised. The antineuritic vitamine, which prevents 
and cures polyneuritis, or beri-beri, isiknown as the Water- 
soluble B vitamine. It occurs in greatest quantity in rice 
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polishings, wheat embryo, and yeast, and is present in 
lean meat, hiilk, egg yolk, cabbage, potatoes, etc. 

Another, known as Fat-soluble A, is anti-radiitic, that Is 
to say, its presence in the dietary is essential if the dewlop- 
ment of rickets in children is to be prevented. This body 
is contained, in laigcst amount, in cod liver oil, butter, and 
yolk of egg ; to a lesser extent in wheat embry^o and cabbage^ 
and to a certain degree in lean meat, potatoes, yeast, and 
wheat bran. Beef suet and arachis oil also contain it in 
small amount, and have recently been recommended as con* 
stituents of artificial cream, for feeding inhints when the 
natural article is unobtainable. 

The third of the vitamines at present recognised possessea 
anti-scorbutic activity, and is known as Antiscorbutic; it 
prevents the onset of scurvyv. It is present in fresh vegetable 
foodstuffs and fruit juice — lime juice particularly may be 
mentioned. This antiscorbutic vitamiiie is less stable tMn 
the others ; it is rapidly decomposed when the foodstuflfs in 
which it is contained are heated, and even when they are kept 
too long. The Water-soluble B or anti-neuritic, and the 
Bat-soluble A, or anti-rachitic, vitamines are apparently 
permanently stable at atmospheric temperature, and are 
only slowly destroyed by heating at lOO'". As to the chemical 
nature of the vitamines, nothing is known with certainty, 
Drummond and ITmk, in an examination of the phospho- 
tungstate precipitate containing the anti-neuritic vitamine, 
found it to contain choline and nicotinic acid in considerable 
amount. This led Williams to test the curative action of 
certain pyridine derivatives on polyneuritic pigeons. Hc 
found 2-hydrox\'-pyridine, 2.4.6, and 2.3.4 trihydroxy 
idiftes to be | definitely curative. 2 -hydroxy -pyridioe 

was obtained in two tautomeric forms, to which the foUo^r- 

ing formulae were ascribed f loH tjo. 

N NH 

One only of these (the latter) is anti-neuritic. The corre- 
sponding forms of g-hydroxy-pyridine and the anhydrooi 
forms of methyl-pyridone, trigonelline, and betaine, lew : 
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MO 

found albo to possess curative effects on polyneuritic birds, 
vSiinilarly, nicotinic acid was obtained in a tautbmeric form 

with a betaine structure || 1^^^ and this, too, wais anti- 

I 

• HN -0 

neuritic. Williams expresses the opinion that the curative 
properties of the vit amine fractions of \east and rice polish- 
in);s are due in part to the presence of this isomeric form of 
nicotinic acid, or a polymeride or simple derivative of it. 
Further work on these lines i^ awaiited w'itli interest. 

Water-soluble B vitamine extract is made by extracting 
rice polishings with hot alcohol ((jO concentrating under 
reduced ])ressure, treating the residue with water, removing 
the separated fat, and adjusting the aciueous portion to a 
finite strength. vStanton (private communication) macerates 
the polishings w'ith cold lo % alcohol which has been acidified 
with hydrochloric acid, filters, and concentrates the extract 
under reduced pressure, at as low a tem})eratnre as possible. 
The extract, to which is added lo of alcoliol as a pre- 
servative, is adjusted so that one part by volume equals 
tw'o parts of rice polishings. 

Preparations which are freer from inactive extractive 
matter can be obtained (see U. vS. P. 12351(^8) by extracting 
a suitable organic foodstuff with dilute alcohol, and removing 
the alcohol by distillation under reduced pressure. The 
aqueous solution is treated with lead acetate and basic 
lead acetate, filtered, the filtrate freed from lead and eva[)0- 
rated in vacuo to diyuicss. Further purification may be 
effected by precipitating the vitamine with either tannin, 
silver nitrate, phospho-molybdic, or pho.sphotuiigstic acids, 
and decomposing the precipitates by appropriate mtfans. 

Williams [Phtlhpinc J. Sci. (1916), II, 49) mixes the air- 
dried phosphotungstic acid precipitate with excess of baiy'ta, 
and extracts with water. The extracts is freed from barium 
and sulphuric acid, neutralised with nitric acid, concentrated 
under reduced pressure, and then treated with silver nitrate. 
The precipitated purine bases are sep^ated and a further 
quantity of sDver nitrate, and sufficient bapum hydroxide 
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to produce a permanent precipitate, added to tlie solution. 
The precipkate is decomposed witli hydrogen sulphide and 
filtered, barium is removed as sulphate, and the solution 
then concentrated and treated with tvviet' its volume of 
alcohol. A ])reeipitate forms which lias but slight anti- 
iieuritic properties. 'I'lie filtrate from tliis yields on evaj)0- 
ration a substance with highly curative jiouers. 

Vitamine from brewvrs’ yeast is i)re]>ared (U, S. P. 
^^733^7) digesting washed and jiressed brewers’ yeast 
ior 36 hours at 37 5^ The mass is liltered. and llie liltrate 
treated with about 50 grams jier litre of I'lilku's earth. The 
mixture is shaken and treated with about i % of N/i hydro- 
chloric acid, to assist settling. The sediment is filtered, 
washed witli dilute acid, and dried i)i vacuo over suljihuric 
acid. The vitammes contained in tlie yciist extract are 
almost com])letely absorbed by the Fuller’s earth. The 
product is administered without further treatment. 

SACCHARIN (glubide, o>beiizoyl-sult)houiiiiide) 

yXH. l8.i. 

The preparation of saccharin by the method technically 
employed can be resolved into tliree .stages. 

(1) Preparation and punlication of toluene-ortho-sulphon- 
cliloride. 

(2) Preparation and purification of tolucue-ortho-sul- 
phonamide. 

(3) Oxidation of ortho-loluene-sulphonamide to saccharin. 

These will be considered m some detail, and following this 

will bg given a resume of other processes for obtainiug 
saccharin which iave been proposed. 

Preparation of Toluene -ortho - sulphonchloride. — 
(a) By the sulphomtion of toluene with sulphuric acid: 
The original patentees, Fahlberg and List, give the following 
description of the method employed ^ for sulphonating 
toluene (E, P. 662^ of 1885) Toluene may be treated 
with fuming sulphuric acid in the cold state or it is heated 
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with h3^drated sulphuric acid of 66° Be. to a temperature not 
rising above the boiling point of water. In applying hydrated 
sulphuric acid the reaction takes place more smoothly than 
with fuming acid and without any boiling over.” 

A quantitative study of the sulphonation of toluene with 
sulphuric acid made by Hollemati and Caland {Ber. (1911), 
44, 2504), showed that the higher the temperature the smaller 
is the proportion of toluene-ortho-sulplionic acid in the 
mixture of isomerides that is formed. It was found best 
to sulphonate at 0°, and most economical to employ two 
parts by weight of sulphuric acid (()6~ioo %) to each part 
of toluene. Under these conditions the sulphonation mixture 
contains 39'5 to 40 % of ortlio-, 3‘5 to 4‘0 % of meta-, and 
56 to 57 % of para-toluene-sulphonic acids. By employing 
6 parts of sulphuric acid the proportion of ortho-acid is 
increased to 45 and with a large excess, i.e., 41'^ parts 
of94%H2S04, to 51-5 %, 

The components are mixed in a cast-iron vessel provided 
with a powerful stirrer and cooling coils, or in a horizontal 
jacketed autoclave, maintained at 0°, ana stirred mitil a 
test-portion dissolves completel}' in water. The velocity 
of sulphonation would probabl}- be accelerated by adding 
infusorial earth imtil the mass is pasty (D. R. P. 71556), or 
powdered animal charcoal (D. R, P. 74639), w'hereby the 
incorporation of the hydrocarbon with the acid is greatly 
facilitated. The sulphonation mixture is run into cold water, 
contained in a wooden vat, and is neutralised with milk of 
lime. After fdtering oil the calcium sulphate the sodium 
salt is prepared by treating the solution with sodium car- 
bonate, separating the calcium carbonate, and evaporating 
to dryness. ^ 

Several methods have been proposed tor the separation 
of Ihe isomeric acids formed. In E. P. 10955/1895, this 
is effected by crj stallisation of the n^agnesium salts, when 
magnesium toluene-para-sulphonate separates first. The zinc 
salts have also been employed (E. P. 17,401/1896). In E. P. 
15778/1890 the sulphonation mixture cis diluted with ice 
until the concentration of the sulphuric add, 6 parts of 
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which are employed to i of toluene, is 66 % w/w. The 
para- add is only sparingly soluble in acid of this strength, 
and crystallises out. According to E. P. 16299/1903, 400 
parts of toluene are sulphonatcd at with 1435 parts 

of sulphuric acid, the operation being coi?ij)lcted in 10 hours. 
Three hundred parts of water are added, when, on standing, 
675 parts of para-acid crystallise out. This is separated, 
and a further 80 parts of water are added to the filtrate. 
The ortho-acid then ciy stallises out, 390 parts being obtained. 

Economy is eiTected by separating the isomers, when 
employing this method of sulphonation, as thereby phos- 
phorus pentachloride is saved in the following stage, namely, 
that of chlorinating the para compound. The toluene con- 
tained in the acid filtrate from the ortho-acid in E. P. 
16299/1903 can be regenerated by heating to 160° and 
blowhig in superheated steam, when tlie sulphonic acid 
is decomposed. The separated toluene-para-sulphonic acid 
is resolved into toluene and sulphuric acid by the same 
means. 

Tohicfie-sulphonchlondc :-~V'dh\h(-^r^ and Eist {he. cit.) 
prepared the sulphonchloride by mixing the dried sodium 
salts, in a lead-lined iron vessel, with phosphorus ])enta- 
chloride, or, preferably, with phosphorus trichloride followed 
by treatment with chlorine. The tem})erature is rc'gulated 
by cooling. Phosphorus oxychloride is then removed by 
distillation, after which the suli>honchloride is allowed to 
cool. Crystals of the para-chloride sej)arate out and are 
removed by filtration. The liquid filtrate is then cooled 
to 0°, when a further crop of para-chloride separates and is 
removed. 

Hr Menmn and C^and {loc. cit.) mixed the dried sodium 
toluene-sulphonates with a two-thirds weight of phosphorus 
pentachloride and a one-hfth weight of phosj)honis oxy- 
chloride. The reaction was completed by heating to 130°-! 40® 
for I hour, after which the POCI3 w^as distilled off and the 
residue added slowly to a large quantity of ice. 

In E. P. 11078/1894 a variation is described whereby 
sodittrti toluene-ortho-sulphonate, 39 kilos, is mixed with 
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50 kilos of carbon bisulphide and 3 kilos of phosphorus, 
and chlorine, iS kilos, passed in to saturaticfn. 

2CeH4(™^j+2NaCl+PO,Cl 

The solvent is tlien distilled off and the residue of toluene- 
sulplioncliloride converted into amide by treatment with 
aqueous ammonia. IMagnesium toluene-ortho-sulphonate, 
250 kilos (see above), is converted into toliiene-sulphon' 
chloride (Iv. P. T43()o/iqoi) by slowly adding it to 1250 
kilos of cliIorsulj)honie acid, the temperature being main- 
tained at After standing for a few hours the 

mixture is poured on to 1000 kilos of ice and the ortho- 
toluene-sul})honcliloride separated. 

(h) By sulphonation u'lih chlorsiiiphouic acid : — v^ul])huric 
acid for the sulphonation of toluene has been completeU 
superseded by clilorsulphonic acid, whereby the ortho- and 
para-tolueiie-sulphonclilorides are obtained in one operation. 

C(iHr,CH3+2S020n.Cl C’oH, ^”yj+HCI+H 3 S 04 
92 2(116-4) 190-4 36-4 98 

This great improvement was introduced by Mounet 
(E. r. 25273/1894). Into 400 kilos of chlor-sulphonic 
acid, cooled to o'", tliere are run slowly, with constant 
stirring, 100 kilos of toluene, the temperature of the mass 
being never allowed to rise above 5'". When all the 
toluene has been added, the mixture is constantly stirred 
for 12 hours in order to complete the reaction, the temperature 
being maintained between o'" and 5°. The mass is then 
poured on to ice, when the sulphonchlorides separate in the 
form of a liquid oily layer containing some solidified para- 
chloride. They are separated by decanting off the upper 
Aqueous layer. 

The sulphonation is carried ^ut in a cast-iron vessel, 
pro^nded witii a powerful stirrer and a cooling jacket 
through w^hich circulates cold brine. The vessel, w-hich 
must be a dosed one, requires an in^et tube for the admission 
of the toluene, and an exit pipe through w^hich the hydrogen 
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chloride vapour is led away, eitlicr to au absoq)tiou tower 
or to a chlorsulphonic acid plant, in which it is re-combined 
with sulphuric anliydride. The jiroportion of clilorsulphonic 
acid to toluene may advantageously be increased to 5:1. 
The greater excess of acid results in a higBer \ ield of sulphon- 
chlorides, and the choice of the most economical proportions 
must be governed the respective costs of the ingredients. 
An imimovenient in the after-treatment of the sulphona- 
tion mixture is made (D. K. P. 224386) b\' diluting with 
saturated hydiochloric acid until the suljdmric acid mixture 
has a specilic gravity of about 50° At this concentra- 
tion the sulphonchlorides art‘ comparatively insoluble and 
separate as a la^-er on tlie surface of the acid. The tempera- / 
ture must be kept down as near as possible to 5^^. The 
hydrogen chloride liberated from the hydrocliloric acid 
solution and tJiat formed by the decomposition of the excess 
ot clilorsulphonic acid is absorbed in a tower. A consider- 
able quantity of IICl is saved by this procedure, and a 
stronger residual sulphuric acid re.siilts. From this acid 
toluene held in the form of sulphonic acid can be regenerated 
(see above). 


Ihe mixture of the ortho- and para-toluene-sulphon- 
chlorides, which contains doubtless also a small proportion 
of meta-cliloride, is partially separated by freezing out. 
HoUeman and Calland {loc. cit ) have shown the melting 
point of pure ortho-cliloride to be -f lo"', that of pure j)ara- 
chloride -[-67^^, and tliat a eutectic mixture of the two is 
formed which melts at 5' , and has the composition 
ortho- 87-5 %. para- 12-5 %. In practice it is possible 
to obtain by freezing an oil containing 85 % of toluene- 
ortho ilpfifonchlorid^ 

From 100 parts of toluene about iio parts of ortho- 
chloride (85 %) are obtainable, together w'ith 70-75 parts 
of para-chloride. i 

Preparation of Toluene- ortho-sulphonamide. — For 

the conversion of toluene-ortho-sulphoncinoride into the 
amide, ammonia gas, jaimonia solution, and ammonium 
carbonate have been employed. 



3i6 organic medicinal CHEMICALS 


C 8 H«\gQ^Q+ 2 NH 40 H C(5H4'\gQ^^j^jj^^NH4C14-2H2( 

190-4 70 171 53-4 36 

^«”‘\S'c1+(NM4)2C03 

CH 

^«I^< nS02NH,+^'^*C1+C02+H*( 

FaMberg and List [loc. cit.) recommended ammoniui 
carbonate. The siilplion-chloride is mixed with th 
theoretically required proportion of ammonium carbonat 
and the pasty mass subjected to the action of steam. Th 
resulting product is treated with water, whereby th 
ammonium chloride is dissolved out, the residual solid bem 
the sulphonamide. 

An alternative method, based on E. P. 3930 of 189^ 
consists of adding toluene-sulphonchloride gradually t 
an equal quantity of 20 % ammonia, which is cooled b; 
being surroimded with ice, or by brine coils. The reactioi 
is completed by warming, after wliich the toluene-sulphon 
amide is filtered off and washed with water. 

Purification of Toluene-ortho-sulphonamide.— Th 

crude product, as made from a properly frozen-out oil 
contains not less than 85 % of ortho-amide nor more thai 
15 % of para-amide. It has been shown by McKie {Trans 
C.S, (1818), 799), that the two amides form a eutectic mixtuK 
having the composition 60 % para- and 40 % ortho-amide 
One hundred parts of the crude amide containing 15 ^ 
of para-, therefore, can theoretically be separated into 7^ 
parts of 100 % ortho-amide and 25 parts of eutectic mixtun 
containing 60 % of para-amide. It is dissolved in the 
theoretically required quantity of ^normal caustic soda 
^solution, filtered from impurit>q and treated, whilst being 
stirred, with acid sufficient to precipitate 75 % of the amide 
in solution (see E. P. 22726 of 1894). Stirring is continued 
for some time in order to promote the attainment of equili- 
brium, or the solution is heated, wffi^ most of the precipitated 
amide passes into solution, from which it ciy^stallises again 
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on cooling. The product is a nearly pure toluene-ortho- 
sulphonamide. • 

In place of acid, ammouiiun cliloride may be added, 
when amide is precipitated with liberation of ammonia 
(E. P. 848 of 1903), 

This permits of the employment of the filtrate containing 
ammonium chloride obtained from the manufacture of the 
crude toluene>sulphonamide. 

According to hi, P. 6198/1894 tlie s{4>aration of the 
toluene-ortho-sulphonamide can bc‘ brought about by 
crystallisation of the sodium salts ; or b>’ following hi. P. 
848/1903, by fractional precipitation with a magnesium 
salt, when the magnesium toluene-ortlio-sulplionamide is 
precipitated first. The eutectic mixture of amides, obtained 
by neutralisation of the liquors fi om which tiie ortho- 
amide has been filtered, can be treated (]>. R. P. 133919) 
with chlorsulphonic acid, when tJie toluene-sulphonchlorides 
are reformed. The bulk of the jiara-cliloride is tlien 
removed by freezing, and the ortho-chloride reconverted 
into amide. 

Another method of partiall}' separating these amides 
consists in fractionally crystallising the sodium salts from 
water, when much of the para- salt scjiarates first, allowing 
a further quantity of ortho-amide to be precipitated from 
the filtrate i The amide as thus obtained contains 90~95 % 
of ortho-ajjpide and 5-10 % of para-amide. 

Oxidation of Iroluene-ortho-suJphonaniide.— -The 
oxidation of the ortho-amide to saccharin is usually carried 
out by means of potassium or sodium permanganate, though 
calcium and ammonium permanganate have also been 
recommended. Varied and conflicting statements as to 
the conditions under whicli the oxidation is best carried 
out are to be found i^ the patent literature, and careful 
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sifting of the evidence is required in order to arrive at a 
procedure likely to be productive of good results. 

Falilberg and List give no particulars whatever as to 
temperature, concentration, quantity of permanganate 
employed. The foilowing equation represents the reaction, 
in their view : — 

CaH4<552f^'''+K2Mn,Og 

171 316 

-> Cgl ' NK + KOH +2kn02 +2II2O 
221 

The\' say it is necessar} to ncaitralise, during the progress 
of the reaction, the alkali that is formed. In Ber. 21, 243, 
they state that in acid solutions ortho-suli)liobenzoic acid 
is formed; in neutral solutions saccharin together vith 
ortho-sulphobcnzoic acid ; and in alkaline solutions ortlio- 
sulphamincHbcnzoic acid. IlaufT, in Iv. P. 3680 of 1898, 
states tliat if the oxidation is carried out according to 
Fahlberg’s method and neutralising agents are added, no 
saccharin is obtained ; but that if, on the contrary, the 
suljihonamide be dissolved in alkali, to form the compound 

and oxidised with permanganate without 

the addition of neutralising agents, larger f ields (80-90 %) 
of saccJiarin arc alTorded 

Theoretically, 1-89 parts of potassium permanganate 
are required to oxidise i part of toluene -sulphonamide to 
saccharin. Hauff employed 2*57 parts, and in E. P, 4525/1900 
2*5 parts are given. In E. P. 3563/1903, however, it is 
stated tliat belter results are obtained by using permanga- 
nate insufficient to oxidise the whole of the amide, and 
1*5 parts are used, part of the amide being recovered 
unchanged. 

E. P. 4525/1900 is specific on the points of temperature 
and dilution. It is stated that, using a concentration of i 
of amide in 15. the temperature should be kept betw'een 40° 
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and 50®, whilst at a dilution of i in 60 a temperature of 
90°-95° is desirable. Solid permanganate is employed 
according to this patent. 

High dilutions are disadvantageous on account of the loss 
of sacdiarin by reason of its solubility. • 

The best conditions based upon tlie above published 
accounts are as follows : One molecular equivalent of toluene 
sulphonamide, 171 j)arts, is dissolved in i equivalent of 
caustic soda, 40 parts, and 2565 parts of water, contained 
in a lead-lincjd ve.ssel. At a temperature of 40^-50° are 
added, with stirring, and in small (juantities at a time, 256 
parts of potassium permanganate. The addition of the 
permanganate is spread out over the whole period of the 
oxidation. When completed, and wJien the colour of the 
permanganate has nearly disappeared, tlie excess is destroyed 
by addition of sodium hydrogen suljdiide and the solution 
filtered from the j)recipitated manganese comjiound, which 
is washed with water until addition of acid to the filtrate no 
longer produc(‘S a precipitate of saccharin. 

The combined filtrate and washings is cooled to 1 5*^-1 8"" 
and made neutral, to methyl ormige, with In-drochloric acid. 
The excess of toluene-sulj)honamide is thereby precipitated, 
and is filtered off. The liltrate is treated with hydrochloric 
acid exactly equivalent to the amount of para-amidc present 
in the amide taken for oxidation (K. P. 11 ^>4 of 1897). In 
place of hydrochloric (or sulphuric) acid saccharin itself may 
be used (E. P. 22787/1801). By this treatment the para- 
sulphonamido-benzoic acid w hich has been formed by oxida- 
tion of the para-amide, being a much weaker acid than 
saccharin, is precipitated. I'rom the filtrate, saccharin is 
precipitat(^ by addition of a further quantity of hydrochloric 
acid and is filtered k. w'ashed with cold water and dried 
at a moderate temperature A further small 

quantity can be obtained ^y saturating the filtrate with salt. 

EIectrol3rtic Oxidation of Toluene -sulphonamide. — 
In E. P. 8661/1895 the oxidation of toluene-sulphonamide 
by passing a current electricity through its solution, in 
an alkali, is proposed. 
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A more promising method is described (E. P. 9322/1803), 
in which potassium permanganate is employed as a carrier 

of the electrolytic oxygen. 

A is a vat furnished 
with a lining of lead, tin, 
or other conducting sub- 
stance (])) not capable of 
affecting the reagents. This 
lining forms the cathode. 
Inside the vat is a vessel B 
of porous porcelain in whicli 
is suspended a lead, or lead- 
sheet C, which constitutes the anode, and is 



coated iron, 


fixed to the shaft of an agitator. 

According to the conditions given, 0*9 kilo of potassium 
permanganate is dissolved in 13 litres of 10 % sodium 
hydroxide solution, or in potassium hydrate or baryta, and 
tJie volume made to 40 litres with water. Another solution 
is prepared containing 2 kilos of ortho-amide and 500 grams 
of caustic soda in 12 litres of water. 

The permanganate solution is placed in B, 4 litres of 
the amide solution arc added, and the whole is heated to 
40°-50°, when a current of 300 amps, at below 2 volts is 
passed through it. After 2 hours, 1800 c.c. of the amide 
solution are added, and tliis addition is renewed every hour. 
The temperature is maintained for an hour after the last 
addition, after which the current is arrested, the perman- 
ganate destro}'ed, and the saccharin isolated in the usual 
manner. 

It wall be noted that this oxidation w'as carried out in 
the presence of a large excess of caustic alkali, whh?h Fahlberg 
and others have showm to be conducive to the formation of 
sulphamido-benzoic acid at the expense of the saccharin, 
and that a small yield only of thf latter is to be expected. 

Probably, how'ever, by observ^ance of the conditions 
set out in coimection with the oxidation by means of per- 
manganate, an electrolytic oxidatioi^. with the aid of a carrier 
such as permanganate, could be successfully carried out. 
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Other Methods of Synthesis of Saccharin. — Brief 

reference is ^iwn only to the more important of the other 
metliods tiiat liave been ])ioposod for obtaininj^ sai'cliarin. 
Noik* of them has eoinpeUal eoiuiiietcialK with tlie loluene- 
chlorsid[)honie acid process. • 

r IdilillxM’.; (Iv P io()55 


/Vh.t / Y< )( )I I )( )R 

)I1 Ys( ),.< dl 

X/So,Cl ^ l^SO.XJI. 

2 Paslci (1 1 k P Noji 



)()ii 


ns; 


p Cerckcl (Iv P i S p)j/i '^oP) ' < )itlio-crcsol, heated 

under pressure w 11 li .1111111011111111 t Jnoc\ aiiale, ^ivcs toliiene- 
orlho-sul]dioiiauiide. 

4 A luuidMT oi patents <lt*a] uitli tlie jireparation of 
toluciie-orliio-sidpliiiM< acid, and Hs conversion into 
saccharin . 

P:, PP. 26130 'i8pb, ^J<»47/i8(,7 ; rzSji jupo ; 
7288/1(106 ; 13054/1006 ; 13055/I(j0(>, deal \Mth the followmg 
reactions 



0 CH3 toluene- ortho- ^ 

X:.:_ASO;jII sul]>binic acid.* 


Orth(^tolucne-sulpliinic acid is converted into toluene-o- 
sulpuonchlonde (Jv |PP 4525/1900; 10356/1906) or directly 
into tolueue-e-sulphon amide (E. P. 12585/1900). 

5. Lastly may be mentioned the conversion of ortho- 
sulphonamido-benzoit' acid, which is formed to a vary ing 
extent as a by-product during the oxidation, and which can 
be obtained in quantitative yield b\ oxioising in a strongly 
alkaline solution, int(f saccharin. By E. P. 1164/1897, 10 
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kilos of o-sulphamido- benzoic acid are dissolved in 40 kilos of 
98 % alcohol, 2 kilos of concentrated sulphuric acid are 
added, and the mixture boiled under a reflux condenser for 
several hours. The alcohol is then distilled off and the residue 
poured into cold «v\'ater, when ethyl-ortho-sulphamido- 
benzoate se])arates as an oil which quickly solidifies. The 
ester is then heated at loo'^-iio'" with constant stirring, 
ethyl alcohol is sjilit off, with the formation of saccharin. 

By another method, K. P. 19629/1899,40 kilos of ortho- 
sulphamido-benzoic acid are introduced slowly^ with good 
stirring, into 120 kilos of 20 % fuming sulphuric acid, care 
being taken that the temperature does not rise above 40°. 
The clear solution is allowed to stand, at ordinary temper- 
ature, for 24 hours, after which it is poured upon a mixture 
of 300 kilos of ice and 100 kilos of water. Saccharin is 
precipitated, and filtered off. Yield, 95 %. 

According to E. P. 7199/1900 the ortho-sulphonamido- 
benzoic acid is heated in alcoholic solution with dr>' powdered 
sodium acid sulphate, or sodium pyro-suljihate. A mixture 
of saccharin and its ester is said to be formed, which, on 
solution in caustic soda and acidification with acid, affords 
a yield of over 95 % of sacdiarin. 

Saccliarin is a white cry stalline jiowder, possessing an 
extremely sweet taste. It dissolves in 400 jiarts of cold 
water, in 28 parts of boiling water, and in 38 parts of alcohol. 
It is readily soluble in alkalis or alkali carbonates, with 
formation of salts. M.p. 220°. 

Saccharin should contain not less than 97 % of o-benzoyl- 
sulphonimide (for metliod of estimation see Richmond and 
Hill, 7. 5 . C. 7 . (1918), 37, 246 T). It should form a clear 
solution when treated with sodium bicarbonate and water 
(absence of toluene-sulphonamide). 

Nt) carbouisable impunties should be present, as shown by 
a solution of 0*2 gram in 10 c.c. of pure sulphuric acia warmed 
at 50° not showing a brown colour in 10 minutes. 

Ammonium salts sliould be absent, and no weighable 
residue should be left after ignition of^o’5 gram. 

Saccharin should form a clear solution in aeceton. 
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Absence of ortho-sulphonaniido-benzoic acid is shown by 
the acidity of the filtered solution obtained after shaking 
I gram of saccliarin with to c c. of water for i hour at 20°, 
which should not be appreciably greater than that calculated 
for a 0*3 % solution of saccharin. 

Saccliarin is used as a substitute for sugar and is prescribed 
in cases of diabetes and hepatic disea.se, also in coqiulence. 
It is also employed to disguise the taste of nauseous 
drugs. 
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3 . 3'-])hos})haimc a<.id, 273 

270 

w-Dihs'droxy-hen/euc, 153 
3: 4'Dihv<liox\ -pheiivi <th\l- 
rnetlu laniine, 222 

2 : 4-Diimiuo 3-d)<ilkyl - (I ()\yj)\'n- 
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Di-iodo-jilienol /■ sulphonic acid, ! 

178 I 
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Dimethyl-aniino a( i-toMc, 101 j 
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1 : 3-Dinieth\l 4-ainnK>-2 : O-dioxv i 
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Dimethyl - ammo - mtro - jihenyl - | 
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4 - Dimetln 1-atnmo 3-nitro-pheii\ 1 - 
arsini. a< u !, 265 
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acid, 205 j 

1:3- Dimethvl -7- hydroxy melli\ I 
ene line .'u id, 231 

Dimethyl suljihate, 60 1 

urea, 232, 236, 240 I 

nc ^id, 247 i 

1 ; a Dimethy}-xanthiu% 239 | 

Dimtroso-diphenyl-pipcra/me, 249 j 
Diphenyl- piperazine, 249 , 

Disodio luari^ol, 275 
Duotal, 169 


Ecgonine hydrochlonde, 93 
Emetamine, 65 
Emetine, 85 


Emetine- 

hydrobromidc, 66 
hydrochloride, 66 
Finodin, 197 

Knaraelled Still (diagram), 152 
Kjunephrine, 217 
Mjuiune, 222 
Ergot, 218 
I rgotmiue. 214 
l>t;otoxme, 212 
alkaloid, 213 
phosphate, 213 
I lythrol letranitrate, 227 
I rythoxvlon i oca, 01 
Sptui eanum, 01 
I fu \ illctae, 0l 
Icserattiine, hi 
Kserme, 84 

hydrobioinidc, 86 
salu\late, 85 
sulphate, 86 

1 tlur, 9 

pr(Miuction and rectification 
plant, 10 

purilication, rectifier lor (illus- 
tration), 14 

ldhc>xv-/>-oxyazobcnzol, 110 
u> - Lthylammo -3:4- dihydroxy - 
acetophenone, 222 
Icthyl bromide, 18 
carbamate, 37 
chloride, 17 
chloroloiniate, 160 
cyanoacetale, 286 
^-l-.tlnl dichloi hydrin, !02 
iDhyl di( tbylmalonatc, 41 
iiialonate, 40 
iiuTC/tptan. 32 
nitrite, 223 
. sulphonai, 35 
Eiumine, 90 
tt-lCucame, 89 
)3[-Lucame, 89, 96 

hydrochlonde, 99 
lactate, 100 
Euresol, 156 
Icxalgin, 116 
Icxodm, 203 

Extraction Plant — Fiftchcr type 
(illustration), 50 

Fat-soluiii-e-A-vitamine, 809 
I'llm evaporator (diagram), 2M 
Formaldehyde, 183 
/>-Formaklehyde, 187 
Formaldehyde plant (diagram), 
186 

Formalin, 183 
Formol, 188 
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Formyl homopiperonylamine, G3 
I'ractionating column, section of 
(diagram), 11 

fiAMJc acid, 203 
(^alyl. 270, 275 
(ruulthma procumhnts, MO 
(iitalin, 287 • 

(donnin, 226 
GIiu.k hlor<d, 28 

(iliisule, 311 
Cjlyccuiie, 300 

CIvccrophosphorK acid, iireparalion 

of, 299 

a- and /j-Glycerophosidioric aud 

297 

(ily((il l)r()ina( etalr, I Of) 

I'roinhydrin, 104 
di.uc'late, 105 
C.oa ])()\\der, 204 

CriuiKKol, 157 

cailionate, 159 

Hai azonk, 171 
Hedonal, 38 
Ilcxamiiu', 187 
Hexaintnn. 228 
Hoxanitro mannitol, 228 
lloxa-c)\v-antltra(juinone, 203 
High pu'ssure autoclave (diagram) 
136 

Histamine, 211, 215 
I Iistidine, 216 
Homatrojiuie, 72 

hydrohrornule, 730 
Homopiperoinlannne, (»3 
} lomort'iion, 222 

Horizontal Ms sleain-jat Kcted 
agitator (diagram), 137 
llytlrastine, 60, 02 
acid oxalate, 61 
„ tartrate, 61 
liydrcH hlonde, 61 
Hyclrastimne, 61 

hydrochlonde, 65 
llydrasiis ( a»ac/c>?6? 00 
Hydrcxotannne, 02 
H ydrohydrastinine, 02 
7-Hy<lri^\) methylene uia acid, 231 
p-Hydroxy}dieriyl-arshii< add, 261 
-fthvlamine, 21 1. 214 
3-Hyclrc)xy- pyridine, 300 
Hyc/sc me, 08^ 71 

hydrobromide, 71 
Hyoscyamino. 68 
Hyvscyamtis wui'iius, 0)8 
mgcr, 71 
Hypnal, 120 
Hypnone, 16 


i )9 -Iminazolyl-ethylaminp:, 21 1, 

215 

lodipin, 177 * 

Iodised sesam6 oil, 177 
Iodoform, 174 
lodol, 176 

lodo - 8 - oxycjiiinoline - 5 - sulrihonic 
acid, 180 

Iponura oyjzabensis, 207 

205 

Iron glycerophosphate, 297 
Isatin, 254 
Isoamyl nitrite, 224 
Ibo-propyl-w-cresol, 164 


Jalap, 205 

extiact of, 206 
lal.ipin, 206 
j<ila)) Hesin, 206 
ja\ a Coca leaves, 95 


IxilARSIVAN, 259 


Laltopulnin, 123 

l..i( tyl phenetidinc , 123 

L.e\ o-lu os( vamiiH snl])}iate, 69 

Feail ( oated washer (diagram), 76 

J (.'{ itliin, 294 

extraction of, from seeds, 296 
preparation of, fiom yolk of 
ogg, 294 

Liquor Jot waldehych , 1 83 
I orotin, 180 
1 uargol, 270, 274 
dibodio, 275 


Mac.nfsium glycerophosphate, 297 
Malachite guen, 191 
Malonic ester, 40 
Mannitol hexamtratc, 228 
Medina), 45 

Mercury cli * lodo - [)henol - p - snl - 
])honate, 179 
salic\ late, 280 ^ 

so/oidll, 179 
siccimmidc, 281 
Methanal, 183 

Metluij^y-phenyl-propionic acid, 215 
p>rcKatechol, 157 
Methyl-acetamlide, 115 
-acet) l-urca, 246 
Methylal. 15 
Methyl ^cohol, 183 
Methylamino-acetocatechol, 219 
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Methyl - p - chloracetylamino - sail • 
cyiato. 112 
-ecyonirK'. OB 

vacuum htiU for (diagram). 94 
Mcthv'cne-iiiow nitrost\rol, 
(litannm, 194 
Methyl -isot \ aiiate, 232 
Methvlproj>vl-c.irbinvl-urothanc, 38 
Methvl-jn ridone, 309 
vihcvlate, 140 
Methylsulphonal, 35 
Methyl urea, 246 
H-Mcthvl-xanthnie, 231, 233 
Mnnaxia punctata, lot 
^1 oil 0 (K. e t y 1 rosoii.in, 156 
C-M('noarkvll)*rliit III i< .u rh -I.') 
a-Morio)irouiois()v.il( r \ I urea, 47 
Monochloiai ftoiv, lol 
/3-Moiu)iivdro\\ najdith.ileiK 165 
Mono-iodo belu nolu. and, 181 
MoiiO'inetlu iaiuhiu’, 1 la 
Morjiluue, 52 
aci-tate, 54 
hydror blonde, 54 
sulphate, 54 
tartrate, 54 

Mo^smIu laponica. 1<>1 

Mustard, oil ol, 293 


i9-Na5’U1 hoi , 165 
Narc()tiu'\ 53, 59, 62 
Neo-s ii\ ars.u). 270, 271 
silver, 274 
Iseuronal, 48 
New ortho form. 90 
Nicotinic acid. 300 
Nirvamne, 90, 110 
o-Nitroanisol, 157 
/)‘Nitroben7oyl-chlor( thanol, 101 
chloride, lol, 108 
-diethylammo-ethanol, 104, 108 
Nitroi^lycenn, 226 
Nitru-hvdroxvphcnyl-arMiiu a* id, 
2 ( 0 ) 

3 - Nitro - 4 hydroxyphcnyl - arsinu 
acid, elec trol> tic reduction of 

268 

'o-/)-Wiethox\ -st\ rene, 215 
3-Nivro-4-oxvphcnvl ar%mc a< id, 
266 

(?-Nitrophcnol, 192 
p-Nitrophenol, 117 
Nitroso-antipynne, 127 
NitrosO' methyl-urethane, 50 
p-Nitrosophenol, 121 
Nosophen, 182 
Novatophan, 256 
Novcxtaine, 90 # 


Oil of mustard. 293 
Organic antinu nv lomfxiunds, 277 
mercury cumjiuuiids, 279 
Ouabain, 290 
0\anil-4-arsim( aiid, 263 
• )-Oxv(]iiinohni'. 100, 192 
sulphate, 192 


I’M'AV 1 KINC, 53 
I’apavtt •sianm fi rant , 52 
I 'araldt In <lc 15 
1 'aratophaii, 265 
r< I ii\ lan C 01 a, !I5 
I’heii.u . tin. 1 13, 116 
I’luuia/oie 124 
1 du'iU'tidiiK . 110, 118 
1‘lunol, 147 

1 'heiiolj)hlh.ilein 1 97, 209 
I’heiiol / sulphoim .u id, 1 79 
I'lieiu 1 <'th\ 1. Ilium-, 215 

-(;l\cinc /’-ammo jilieiiv l'ar.simc 
acid, 25s 

2-Phcii\ I- l-(piinohne carbox) he 
acid, 253 

I 'fieiivl salic yiat I , 151 
I’hthaiu aiil^dnde. 209 
}'h\ sostiicmine, 84 
l’h\ soveniiie, 84 
1 ’h\ tin, 297 
1 'u iijpodoplu Urn, 208 
1 ’iliK ai [um , 82 

h\ dio< hionile, 83 
nitrate, 83 

rtlinarptti jahitandt, 82- 83 
J ’ip(‘ia/im , 249 
i’ltuitai N 230. 302 

( xtrac I of, 303 
I’odophylhn, 208 
Todopliv lh)-fiut rcitin, 208 
15>dophyll'>-toxin, 208 
Padiif^hyllum rmadi, 208 
pcltalum, 208 

Potassium di-iodo phcnol-p-sul- 

phonic ac id, 1 79 
glycerophosphate, 297 
gtiaiacol sulphonatc', 161 
iscxiyan.ib*, 38 
thioc\aiia?«', 294 
. I'roflav 11 U-, 188 
I'rotaigt.l, 278 

Protein compounds containing 
J silver, 278 

Pseudo trojnne, 96 
, Psychohia acuminata, 66 
j 1 pecacuanka, 66 

Psyebotnue 66 
I 0-methylether, 06 

Ptychohs ajowan, 164 
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Tetrattitrin. 227 
Tetronal, 32. 36 
Thalleioquin. 78* 

Tkcobroma Cacao, 245 
Theobromine, 246 
Theocin, 239 
Theophyllin, 239 
Thiocol, 161 
Thiosinainin, 294 
Thymol, 164 
Thvmus vul^arn, 104 
Thyroid gland, 304 
Thyroxin, preparation of, 306 
Tolneno-o-sulphonic acid, 321 

sulphonamidc. cleitrolvlic oxi- 
dation of, 319 
-o-sulphonainide, 13r» 
■/>-siilphonainide, 107, InT- 
108 

-o-sulphonchloride. 311 
-/>-sulphonchlonde, 107, 313 
-sulphondichloraminc 170 
-sulphoudicth\ lamidt , 107 
Tnbronijihenol. 173 
Tnc.hIor-8-methyl tafteinc, 231 
8-Trichlorniethy 1-1 altcine, 236 
Tnchlor-tertiary-bntyl-alc ohol, 30 
Tngoncllim', 300 
1 2 7-Tnhydr()xy-anthra<jninone, 

1 07 

1.3 7-Trinu'thyl iiiic hi id, 231 
Tninethyi- xanthine,' 230 
Tnnstrin, 226 
Trnmal, 32, 36 

Tnphcnyl-i>tibiiie-i>vilphide, 277 


Tropacocaine, 95 

hydriKhloride, 90 
Tropine, 96 
Tyramine, 211, 214 

I'REA, 43 

i deriv^ives of. 36 

j rrethane, 37 
' rtf^ttua Sftlla, 291 
I Ibu a( 111, 231 
I rrutropine, 187 

i Vaci i M dryer (diagram), 134, 135 
J atill, (diaKiain), 200 

' oil jacketed (dnigrain), 78 

I uith stirrer (diagtain), 120 

' \ aso-c onstric tors, 211 
Vaso-dilators, 211 
; \ eratrol, 221 
Veronal. 43 
, Verona)-s<.diiim, 46 
Vins 1-diacetonaniinc o,xalate, 98 
diaceloiU'-alkaimne, 98 
f hv<lr(K hk>nde, bcnzoylation of, 

’ tM> 

I'lrpui Smnimony, 207 
Vitamines, 307 

, WATFK-soluble H, vitaniinc, 308 
I extract, 310 

Wocxl spint, J 83 

i Xekoform, 173 
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